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8. Hart's Ecosystem Analog Approach biedt géén oplossing voor 
het vraagstuk van de permanente teelt van éénjarige (voedings-) 
gewassen. 
Hart RD (1980) Biotropica 122 (supplement); 73-82 
9. Felker's stelling dat Faidherbia albida (syn. Acacia albida) de 
bodemvruchtbaarheid van de standplaats op eigen kracht 
verbetert, wordt niet onderbouwd door het door hem 
geëvalueerde onderzoek. 
Felker P (1978) State of the art: Acacia albida as a 
complementary permanent intercrop with annual crops. 
University of California 
10. De ontwikkeling van het interdisciplinaire kennisgebied 
agroforestry lijdt onder een chronisch tekort aan feitenkennis 
omtrent gedrag en eigenschappen van de houtige component, in 
het bijzonder aangaande lokaal voorkomende plantesoorten. 
11. Het honoreren van de wens dat anderstalige speelfilms 
worden nagesynchroniseerd, staat haaks op het streven naar 
Europese integratie. 
12. Het schrijven van een proefschrift heeft ook recreatieve 
waarde. 
Stellingen van Arnoud Budelman behorende bij het proefschrift 
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Wageningen, 8 november 1991 

1. Kwetsbare ecosystemen in de tropen lopen minder risico te 
degraderen wanneer bij landbouwkundig gebruik, naast het toe-
passen van kunstmest, cultuurmaatregelen worden genomen ter 
versterking van de buffercapaciteit van het gebezigde teelt-
systeem. Te denken valt aan bijvoorbeeld aanwending van over-
blijvende hulpgewassoorten. 
2. Het begrip Integrated fallow farming geeft beter weer welke 
essentiële functies houtige hulpgewassen vervullen, dan de 
begrippen Alley-cropping of Alley-farming. 
3. De twee belangrijkste bijdragen van levende staken aan de 
yamproduktie, namelijk het leveren van steun en mulch, kunnen 
met behulp van traditionele veldproeven niet afzonderlijk worden 
gekwantificeerd. 
4. De mogelijkheden van langzaam verterende bladmulches voor 
het bevorderen van duurzaam grondgebruik (zoals bestrijding van 
oppervlakte-erosie) pleiten tegen een eenzijdige nadruk op de 
eigenschap van stikstoffixatie bij de selectie van hulpgewas-
soorten. 
5. Het gebruik van fijnmazig gaas bij verteringsproeven met 
mulch, leidt tot onderschatting van de snelheid van afbraak van 
organisch materiaal. In het bijzonder geldt dit voor proeven met 
bladmulches. 
6. Vanwege plant-specifieke eigenschappen dient enkelvoudige 
aanplant vmLeucaena leucocephala op gronden die gevoelig 
zijn voor erosie vermeden te worden. 
7. Vanuit het oogpunt van bodembescherming is het optreden van 
'lastige' onkruiden (bijv. Eupatorium odoratum, Baphia massai-
ensis) op marginale gronden eerder een zegen dan een vloek. 
Let's celebrate diversity! 
Harold F. Miller 
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Samenvatting 
Het opnemen van houtige overblijvende plantesoorten in éénjarige 
teeltsystemen wordt momenteel gepropageerd als een mogelijkheid om de 
duurzaamheid van seizoensgebonden gewasproduktie te vergroten. Deze 
ontwikkeling is van belang voor landbouwsystemen in gebieden waar de 
natuurlijke vruchtbaarheid laag is, het klimaat bodemerosie sterk bevordert 
en de landbouwondersteunende infrastructuur onbetrouwbaar is, met name 
wat betreft de aanvoer en prijs van inputs en vermarkting van de produktie. 
Een dergelijke combinatie van omstandigheden treffen we niet zelden aan 
in landen in de tropen. 
Ten grondslag aan het opnemen van overblijvende plantesoorten ligt het 
idee dat de permanent aanwezige biomassa (boven- en ondergronds) en de 
afgeleide strooisellaag bijdragen tot het behoud van de kwaliteit van de 
omgeving waar de gewasproduktie plaatsvindt. Wezenlijke aspecten daarbij 
zijn het vermijden van verliezen van voedingsstoffen door uitloging en 
oppervlakte-erosie, het behoud van de bodemstructuur en de tijdelijke 
opslag van voedingsstoffen in de biomassa. 
In dit boek worden informatie uit de literatuur en resultaten van 
veldonderzoek samengebracht, met betrekking tot het gebruik van drie 
houtige leguminosen (Leucaena leucocephala, Gliricidia sepium en 
Flemingia macrophylla) in de teelt van het voedingsgewas yam (Dioscorea 
alata). In de studie spelen de houtige soorten een hulprol; zij produceren 
mulch-materiaal en bieden steun aan het klimmend hoofdgewas. 
In Deel II van het boek wordt in twee artikelen ingegaan op de 
bladproduktie van de hulpgewassen en wordt beschreven hoe de nutriënten-
samenstelling van het blad zich in de loop van de tijd ontwikkelt. 
In Deel III wordt aan de hand van een viertal artikelen een beschrijving 
gegeven van de afbraak van de bladsoorten wanneer deze gebruikt worden 
als mulch, en de gevolgen voor temperatuur en vochtgehalte in de bovenste 
bodemlaag, het opkomen van onkruiden en het vrijkomen van voedings-
stoffen, 
In Deel IV, bestaande uit twee artikelen, wordt de interactie tussen 
hulpgewas en hoofdgewas verkend, en de problemen aangaande de inter-
pretatie van gegevens verkregen uit veldproeven beschreven. 
De artikelen zijn samengevat in Deel I en worden daar voorzien van een 
algemene achtergrond waartegen de resultaten van het onderzoek geplaatst 
moeten worden. Op grond van dit overzicht worden aanbevelingen voor 
verder onderzoek geformuleerd. 
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I Woody species in auxiliary roles: 
live stakes in yam cultivation 
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1 
A review 
Staking is important in the cultivation of the climbing food crop yam, 
because it helps to achieve economically viable production levels. In many 
parts of West Africa, where yam is a main staple, stakes are difficult to 
obtain nowadays, due to deforestation. One solution is to grow yams 
together with suitable perennials. These perennials play an 'auxiliary' role, 
by acting as live stakes. The auxiliary species may also help to maintain the 
levels of organic matter and nutrients required in the soil for successful, 
sustained yam production, particularly if the auxiliary species chosen fixes 
nitrogen. 
The decision to study live stakes in yam cultivation scientifically was 
inspired first by an actual situation involving yam cultivators faced with 
land shortages in southwestern Ivory Coast (Budelman and Zander, 1990), 
and second by reports of the use of live stakes by farmers in deforested 
areas of southwestern Nigeria (Clayton, 1958; Wilson and Akapa, 1981; 
Agboola et al., 1982). The underlying assumption is that a technology 
developed by farmers as a reaction to land shortages in one region may 
stand a good chance of being adopted in similar situations elsewhere. 
In general terms, the objective of the study has been to contribute to the 
development of a low external input food cropping system that is 
productive and sustainable. Auxiliary crop species only indirectly 
contribute to the primary object of a cropping system - here, production of 
yam tubers. Sub-sets of research questions can be asked concerning both 
the products and services of the auxiliary crop species, such as the use of 
the leaf mass produced by the perennials as a mulch, helpful in 
environmental management of cropping systems; and, more specific to the 
cropping system under discussion, the use of the woody species as live 
stakes to support the yam crop. 
On-station fieldwork took place in sub-humid Ivory Coast, West Africa, 
from October 1983 to December 1987. This research was reported in a 
series of papers published in Agroforestry Systems, which are reprinted 
here. They discuss the use of three nitrogen-fixing, woody perennials -
Leucaena leucocepltala, Gliricidia sepium and Flemingia macrophylla - as 
auxiliary crop species in the cultivation of the climbing, tuberculous food 
crop water yam, Dioscorea alata. These papers are arranged in three 
subject groups: 
1. productivity and composition of the leaf material of the woody species: a 
quantitative and qualitative inventory of leaf material, considered as a 
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resource with respect to crop production; 
2. use of leaf mulch in environmental management of the cropping system: 
weed control, soil fertility improvement, soil temperature and soil humidity 
control; 
3. use of the woody species as an integral part of an annual crop production 
system. 
The context 
The practice of cultivating tree species in association with short-lived 
agricultural crops is probably as old as the history of agriculture. If one 
accepts that early man must have gained an intimate knowledge of plant 
species by collecting forest products, saving useful woody species while 
opening the forest can be seen as a logical step in the evolution towards 
cultivation. An example of a traditional farming system in which trees 
conserved from the original vegetation play a multi-purpose role is the 
Hanunoo case from the Philippines (Conklin, 1957). Tree-saving practices 
have also been documented in other case studies of traditional shifting 
cultivation systems in the wet tropics (Miracle, 1967; Clarke, 1976; 
Wilken, 1977; FAO, 1985; de Rouw, 1987 and 1991). 
In all likelihood, crops like cinnamon, coffee, tea, cacao, vanilla, black 
pepper and yam, with origins in the forest ecosystems of the wetter tropical 
zones, were domesticated together with tree species that provided the shade 
and/or support necessary for sustained cultivation (for example, the 
common Spanish name for Gliricidia sepium is 'Madré de cacao', or 
mother of cacao; see further Conklin, 1957, p. 62; Budowski et al., 1984; 
Hladik et al., 1984). 
The drier regions of the tropics, e.g. the Sudan zone in West Africa, 
provide even clearer examples of farmers' tree-saving practices. Indigenous 
trees such as Faidherbia albida (syn. Acacia albida; Anonymous, 1988), as 
a source of food for cattle, and Vitellaria paradoxa (syn. Butyrospermum 
paradoxum; Shea nut, Karité) are instrumental in the provision of edible 
fats (Seignobos, 1982) and are well-represented in fields carrying crops of 
groundnut, millet or cotton. In the case of V. paradoxa, the most productive 
trees are located in the cultivated areas, not in the surrounding bushland 
(Ruyssen, 1957); whereas it has repeatedly been suggested that Faidherbia 
albida increases the carrying capacity of the land (Charreau and Vidal, 
1965; Pelissier, 1966; Lemaître, in Felker, 1978).1 These two trees 
exemplify a large group of tree species that play a role in local farming 
systems (cf. von Maydell, 1983). 
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The economic rationale for practising conservation of trees is obvious: tree 
and shrub species provide a broad range of products. In addition to food, 
beverages and animal feed, woody species are sources of fibre, fish poison, 
construction and fuel wood, nectar for bees, medicaments (for both people 
and domesticated animals), dye, gum, soap, latex, material for thatching, 
and so forth (cf. Lévi-Strauss, 1950; Verdcourt and Trump, 1969; von 
Maydell, 1983). 
Promoting trees is also rational from an ecological point of view; it 
conserves both land and genetic resources. Farmers often have profound 
knowledge of the phenology of woody species (cf. Felker, 1978, pp. 108-
120), and deliberately create favourable conditions for site regeneration 
(Wiersum et al., 1985). Among the conservation practices observed are: 
selective weeding, sparing seedlings of valuable tree species; 
protection of sprouts from tree stumps; 
minimum tillage; 
planting or transplanting of trees (Miracle, 1967, pp. 108-109; Manner, 
1981). 
In looking at the role trees play in subsistence farming, it is often hard to 
draw a line between cultigens and useful wild species. Such an integrated 
perception of the role of trees is not common outside some of the traditional 
farming systems mentioned. Until late in the 1970s science - and even 
more, policymaking bodies - maintained a distinction between matters con-
cerning trees, or forest in general, and those dealing with agriculture (King, 
1979). In fact, this situation still exists in most countries: forestry and 
agriculture are housed in separate ministries or departments, which 
naturally creates barriers to communication and cooperation. Although this 
is not the place to trace the origins of the separation, brief comments on 
some recent developments will help to put the contents of this volume into 
a perspective. 
The book Trees, food and people by Bene and co-authors was a 
conceptual breakthrough in the scientific community. Explicit attention was 
given to the integration of agriculture, forestry and, if need be animal hus-
bandry (Bene et al., 1977). This report, plus institutional consultation and 
international fund raising resulted in creation of the International Council 
for Research in Agroforestry (ICRAF) (King, 1987). In the following decade, 
agroforestry has become accepted in the scientific community as a valuable 
land management strategy (Steppler and Nair, 1987). 
As this historical note makes clear, as the object of scientific investigation 
and policymaking, the integrated agroforestry approach to land use is in its 
infancy. Nevertheless expectations are high. Over the past decade agro-
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forestry has been promoted, not without a sense of urgency, as an 
alternative to shifting cultivation. In that context we must deal with 
considerable problems, since providing for permanent rainfed cultivation of 
annual crops, in a balanced system of continuously high productivity in 
both humid and semi-humid areas, remains technically difficult (Ruthen-
berg, 1976). The most important constraints are low natural soil fertility 
and poorly developed infrastructure (markets, roads, agricultural services). 
While integrating trees may help to improve sustainability of annual crop 
production systems, a natural paucity of plant nutrients cannot be cured by 
the mere presence of woody perennials. The tropical Oxisols and Ultisols 
are notoriously poor in nutrients, while the little chemical fertility there is 
tends to be labile. Within months after burning of the standing vegetation, 
significant changes may occur in the extent to which the cation exchange 
capacity (CEC) is saturated, due to leaching (Sanchez, 1977; Seubert et al., 
1977; Budelman and Zander, 1990). Moreover, the CEC often depends 
heavily on the percentage of organic matter in the soil and can be damaged 
irreversibly when soils are mismanaged. The length of the fallow period 
needed to restore chemical and physical soil conditions to levels compar-
able to the original situation is an indication of the damage done to the 
ecosystem. After an agricultural production cycle, more than 15 years is 
often needed for recovery. 
Whether agroforestry as a strategy of land management, and as an 
alternative to the traditional long fallow system, will provide an answer to 
the problem of sustained annual cropping in fragile tropical ecosystems is 
still an unsolved question. Both Young (1987, p. 139) and Sanchez (1987) 
have cast doubt on this possibility. The latter author observed that the best 
documented successes of agroforestry systems are generally located on 
relatively fertile soils, and that much more, and more rigorous, 
experimental testing is required to prove that agroforestry systems really 
improve physical properties of the soil, maintain soil organic matter, and 
efficiently recycle nutrients. 
Secondly, successful agroforestry system development hinges on 
generating more information concerning its components. Compared to 
knowledge about crops, research on auxiliary tree species is in a primitive 
state (Steppler, 1987). Obviously the same holds for data collection at the 
level of crop/auxiliary tree systems. 
There are, however, literally hundreds of agroforestry systems in the 
tropics, and equal numbers of 'new' systems can potentially be developed 
by reassembling and adapting these to local needs and circumstances. Thus 
in generating new systems, a pragmatic approach and clear cut objectives 
are essential. In that respect Steppler's challenge, to seek '...a specific 
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ideotype of multipurpose tree to fit a particular niche' (Steppler, 1987, p. 
17) has been most helpful in defining the boundaries of this study. The 
niche chosen here includes the requirements of a climbing food crop; the 
purposes are to provide live stakes and mulch to be used in management of 
the cropping system environment. 
Live stakes in yam cultivation: a case study 
The eight publications introduced in this Chapter make up a case study in 
which three leguminous perennials - Leucaena leucocephala, Gliricidia 
sepium and Flemingia macrophylla - were tested as auxiliary crop species 
in yam cultivation. 
In agroforestry literature, this kind of tree-based cropping system is 
classified as an 'agrisilvicultural system, aimed at zonal/associated inter-
cropping of annual crops, and fallow improvement' (Nair, 1987). The 
primary aim of the field research has been to collect basic data (cf. von 
Carlowitz, 1986). 
Criteria for selection of species. Firstly, a 'standard', a relatively well-
researched species, is needed to put results in context. Leucaena leuco-
cephala, well-known from alley-cropping experience all over the tropical 
world, plays that role here (cf. Kang et al., 1984). 
Secondly, although Gliricidia sepium was known to have been used by 
farmers as a live support in yam cultivation (Clayton, 1958; Wilson and 
Akapa, 1981; Agboola et al., 1982)6 little concrete information was avail-
able regarding the species' performance under such circumstances. 
However, the evidence that was available helped to formulate the specific 
objectives of the study and to choose the test crop, the climbing food crop 
yam. 
Thirdly, Flemingia macrophylla was chosen because of two features that 
offer a contrast to the other two species: its leaves decompose relatively 
slowly; further, it is a shrub, and consequently has a different basic archi-
tecture. Such contrasts are interesting in view of the function required - an 
in situ grown support system. Very little documentation on this species 
exists (Budelman, 1989d). 
Climate and soil. The trials reviewed here were conducted in the Ivory 
Coast near Abidjan (5°19'N, 413'W), on an experimental farm approxi-
mately at sea level. The climate is sub-equatorial, with two rainfall peaks. 
Table 1 gives a summary of climatic data. The soils of the experimental 
farm belong to a small band of tertiary and quarternary deposits along the 
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* PET (potential évapotranspiration), calculated according to Turc's formula 
Source: Adiopodoume, Ivory Coast. Adapted from Monteny and Eldin, 1977 
Table 2. Selected physical and chemical parameters of the soil of the trial 
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* total P(HN03) 
f per 100 g soil 
Source: abbreviated following Siemonsma, 1982 
coastline. The dominant characteristic of these sandy, ferralitic soils is their 
strong desaturation, combined with a weak base exchange capacity (Table 
2). Potassium is the most limiting of the major elements (Roose and 
Chéroux, 1966). 
Data summary. For descriptions of the trial designs and other 
methodological aspects, the reader is referred to the methodological notes 
in the chapters that follow. Results of the study are summarized in Table 3. 
The information is presented relative to an index. For example, when 
providing information on the nitrogen content of the leaves, the species 
with the highest content is assigned an index value of 100, while the 
nutrient contents of other species are presented as a percentage of this 
value. The column at the far right gives absolute figures for the species 
assigned the index value of 100. Where relative quantification is impos-
sible, differences are presented in descriptive terms. 
The study demonstrates that each of the three auxiliary crop species has 
a specific 'service-profile'. Table 3 shows that Leucaena leucocephala 
excels in providing great quantities of nutrient-rich, easily decomposable 
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leaf matter (Table 3, items 1, 2, 3, 4, 9), but, at the same time, is a strong 
competitor to neighbouring plants (items 10, 13), may exhaust soil fertility 
when the biomass produced is not carefully used (Chapter 3), and has only 
limited value in soil microclimate conditioning and weed control when leaf 
material is used as mulch (Table 3, items 5,6, 7). 
Leucaena leucocephala, because of its robust performance, is a typical 
example of an auxiliary crop species that should be used in a zonal planting 
configuration (cf. Huxley, 1985), such as alley-cropping. When planted too 
close, the main crop may show a reduction in yield (Chapter 8). 
In comparison to Leucaena leucocephala, Gliricidia sepium is much less 
aggressive: witness its combination of lower leaf mass productivity with 
lower root density in the upper soil stratum (Table 3, items 1, 10). This in 
part explains its success in crop production systems that require close 
association of auxiliary crop species and main crop, as is the case when the 
perennial is used as live support for a climbing crop (Table 3, item 13; cf. 
Huxley, 1985; Chapters 8 and 9). 
The potential importance of Flemingia macrophylla lies in the compo-
sition, size and behaviour of its leaves while they are drying. A relatively 
high C/N ratio partly explains the slow decomposition of the leaves and the 
ongoing effect in terms of suppression of weed seedlings, lower soil 
temperature and higher soil moisture content in comparision to the other 
two mulch types (Chapters 4,5 and 6). 
The yam/live stake interface: potential and problems 
Of the three leguminous species tested as live support systems for yams, 
Gliricidia sepium proved most suitable (Chapter 8). Table 4 sums up the 
results of the detailed study on the Gliricidia sepiumly&m association 
presented in Chapter 9. In this Table, mulch application and live stakes, as 
well as the combination of these two factors, are taken as different treat-
ments; their effects on early development, leaf nutrient status and tuber 
yield of the yam crop are shown. The Table illustrates both the potential 
and problems of tree-based annual cropping systems. The combined effects 
of mulch application, light shade and live stakes on early crop development 
and tuber yield is significant. Compare for example in the Table the results 
of treatments 'a' (no mulch, no stakes) and 'd' (mulch and stakes, both pro-
duced in situ). Mulching alone (treatment 'b') also significantly improves 
the yield of the crop (see also Chapter 7). 
Treatments 'b' and 'd' differ in that experimental units of treatment 'b' 
received mulch produced elsewhere (namely from the experimental units 
under treatment 'c'), while the mulch used in treatment 'd' was produced 
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Table 3. Auxiliary crop species characteristics: a relative appraisal 
Item 
1. Capacity for leaf dry matter productivity' 
(100 = highest) 
-at 1,000pi ha-1 
-a t 15,000 pi ha'1 
2. Nutrient composition ( 100 = highest) 
- nitrogen concentration 
- phosphorus concentration 
- potassium concentration 
- calcium concentration 
- magnesium concentration 
3. Size of leaflets* 
4. Decomposition of kaf matter' 
(100 = most persistent, most digestible) 
- persistence 
- in vitro digestibility 
5. Effect of leaf mulch on retarding weed 
emergence 
6. Effect of leaf mulches on soil temp, reduction' 
(at 5 cm depth in soil, initial quantity 5 ton 
ha'1 DM) 
- initial impact, after 10 days 
(highest impact = 100) 
- average impact, over 60 days 
(highest impact = 100) 
































































on the spot. Experimental plots of treatment 'b' therefore experienced an 
addition of plant nutrients from an outside source, while in treatment 'd' 
nutrients were made available via the leaf mulch produced by the Gliricidia 
sepium trees grown in situ. 
Whether the higher potassium content of yam leaves in treatment 'd' 
actually comes from nutrients extracted by the trees from soil layers that 
cannot be reached by the yam roots (a process referred to as 'recycling') 
cannot be ascertained from the present data. What is demonstrated, how-
ever, is that the trees act as 'concentrators' of this scarce nutrient. With 
proper management, e.g. regularly putting the potassium-rich leaf mass 
produced by the auxiliary trees close to the yam roots, the nutrient flush 
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Table 3, continued 
Item 
7. Effect of mulch on soil moisture conservation' 
(0-5 cm, initial quantity 5 ton ha'1 DM) 
- initial impact, after 10 days 
(highest Impact = 100) 
- average impact over 60 days 
(highest impact = 100) 
- effective lifetime of the mulch material 
8. Hyctitropic movements of leaflets 
9. CoppidbHity and rate of regrowth 
10. Fine roots in upper 40 cm soil profile 
(g m'2; 100 = highest) 
-a t 1.200 pi ha' 
• at 8,000 pi ha' 
11. Propagation 
12. Risk that species turns into weed 













































a) based on 3 month regrowth cycles, Chapter 2 
b) L. leucocephala, 0.7-1.0 cm; G. sepium, ca. 5 cm; F. macrophyUa, 10-20 cm 
c) persistence based on 'half-life' values for the mulch material, Chapter 4 
d) seedlings only, initial quantity 4 ton ha' DM, Chapter 5 
e) Chapter 6 
f) roots < I mm, Chapter 8 
g) dependent upon cultivar used, see Brewbaker ( 1987) 
h) Chapters 8 and 9 
from the decomposing leaf matter significantly improves tuber yields 
(Chapters 7 and 9). In other words, the nutrient-use efficiency of a 
tree-based yam production system is higher than the efficiency of a system 
in which yam is solecropped. 
That same efficiency, however, is reason for concern. Species such as 
Leucaena leucocephala and Gliricidia sepium extract considerable 
quantities of nutrients per unit of surface (Chapter 3). When the leaf mass is 
regularly cut and used elsewhere, chemically poor soils are likely to be 
rapidly exhausted. 
The ability of tree-based systems to exhaust soils is demonstrated in 
Table 4, treatment 'c', where the mulch produced by the trees is removed 
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Table 4. Data summary: the Gllricidla sep/um-yam association 
Treatment 
yam plants ha" 
live stakes ha'1 
nutrient transport via mulch 
Early development 
plants sprouted ' 
sprout length in cm 
soil cover % 
stakes occupied by yam vines' 
Nutrient content 




kg per yam plant 

































































* during the cropping cycle, a total of 4.8 ton ha' DM of leaf mulch material was 
applied in both treatments 'b' and 'd'. The mulch was distributed at equal rates of 
DM/unit of surface 
§ results with the same superscript, and on the same line, do not differ significantly 
f out of 26 live stakes sampled per experimental unit 
$ not significant 
Source: Budelman, 1990b 
from the experimental units and used as green manure for the units of 
treatment 'b'. The effect of this practice is visible, although not statistically 
significant, in the low potassium content of the yam leaves in treatment 'c'. 
A problem specific to the use of organic fertilizers to improve crop 
production is that organic mulches bear no label telling which nutrients 
they make available and in what quantities. Contents vary with the species 
considered, depend on the age of the leaf material, change over time, and 
depend on soil conditions in the location where the mulch was produced. 
Mulch decomposition depends not only on the chemical composition (C/N 
and C/P ratios, for example) of the material, but also on the temperature 
and moisture regimes during decomposition. Moreover, nutrients are 
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released from leaf mulches at different rates (Chapter 4). 
Thus there is clearly little scope for specific recommendations aimed at 
optimizing the use of mulch in cropping system management. Generally, 
however, the logical time slot for mulching annual crops would be early in 
their cultivation cycle. At that particular stage in the annual crop cycle, 
mulches are valuable as soil cover, and help to enhance the acceptance of 
rainwater. Use at this time also assures maximum benefit in terms of water 
conservation and lower soil temperatures; moreover, the crop will profit at 
a later stage from the nutrients released (Chapter 4). 
Uncertainty about the behaviour of mulches is, however, only part of the 
'black box', experimentally speaking, that tree-based annual cropping 
systems represent. When screening woody species with respect to their 
suitability as live stakes for climbing crops, the obvious criterion is the 
yield of the main crop. To explain differences in crop yield level as a 
function of the auxiliary crop species used, it is logical to look at the 
auxiliary crop species' production potential, its root density in the zone 
where the main crop roots, plus less easily measurable aspects such as the 
architecture of the perennial species, and the light conditions under its 
canopy (Chapter 8). 
However, quantification of these characteristics provides at best circum-
stantial evidence. For example, it is the actual competition from the roots of 
the woody species that counts, not the observed root density as such. Even 
with a relatively low root density, an auxiliary crop species may be a fierce 
competitor, for example due to allelopathic qualities. The problem, of 
course, is that the actual root competition between the species is hard to 
measure in field trials. 
Similarly, results of field experiments that combine woody auxiliary crop 
species with annual crops are difficult to interpret, because effects are so 
thoroughly confounded. The data in Table 4 do not unequivocally demon-
strate which factor primarily determines the yield increment that results 
when Gliricidia sepium is integrated in yam cultivation (Chapter 9): is it 
due to the live stakes, or to the mulch produced in situ?. 
Including dead stakes (e.g. made from bamboo) as part of the treatment 
series would not have solved this particular problem. In an analysis of 
variance, the effect of staking on the yield cannot be separated from the 
effect of the mulch generated by live stakes. If one compares dead stakes 
and live stakes according to their respective effects on yam yields, and 
chooses to remove the leaf mass from the live stakes, extraction of nutrients 
will occur. This puts the live stake treatment at a disadvantage. As Table 4 
shows, such extraction may lower crop production. Conversely, if in the 
A REVIEW 2 3 
live stakes treatment the leaf mass is left as mulch for the experimental 
units concerned, those experimental units including yam plants growing on 
dead stakes will be treated unfairly. 
Such problems in interpretation of results confirm Steppler's observation 
that agroforestry systems research requires different experimental designs 
and statistical techniques from those developed for solecropping (Steppler, 
1987, p. 16). The question is, however, the extent to which interactions 
must be explained and quantified before the general validity of agroforestry 
techniques is accepted. After all, the nature of the subject is such that no 
single component of a tree-based cropping system is likely to offer drama-
tic potential for improved output. Consequently, on-station research aimed 
at optimizing and fine-tuning the tree-based annual cropping model makes 
little sense. 
The effect of mulching, for example, is derived from the sum of many 
marginal improvements in the cropping system environment: a slightly 
lower soil temperature, a bit more water caught, weed seeds that do not 
germinate due to lack of light, a slightly higher nutrient content in the 
topsoil, a few extra root nodules where Rhizobium bacteria fix nitrogen, and 
so forth. Thus mulch-induced effects work together to stimulate crop seed 
germination and early seedling growth, resulting in a crop that closes 
earlier (see Table 4, 'early development': 'soil cover', and Chapter 7). 
Auxiliary crop species in annual crop systems: considerations in 
selection 
Auxiliary crop species contribute only indirectly to the economic output of 
a crop production system. When auxiliary perennials are interplanted, their 
intended role is to protect and stabilize the cropping environment, by 
limiting erosion and/or leaching, reducing temperature fluctuations, and so 
forth. Auxiliary crop species may, however, produce secondary products, 
such as an occasional batch of fodder or firewood. Such by-products 
increase the economic attractiveness of a tree-based annual cropping 
system. 
Studies explicitly intended to define ideotypes of auxiliary crop species 
suited to a particular cropping system niche are rare (Steppler, 1987; 
Wayne S. Teel, 1990, personal communication). Beer (1987) lists desirable 
characteristics for auxiliary (shade) trees to be used with commercial tree 
crops (coffee, cacao, tea) but to date there has been no such review with 
respect to woody species in annual cropping systems. This is under-
standable, given the enormous range of possibilities: the potential number 
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of combinations of auxiliary crop species and annual crops, variability in 
climatic and soil conditions, and variation in farmers' objectives, back-
grounds and management skills. 
The results of the present study do not permit a general listing of the 
properties of auxiliary crop species with respect to the design of tree-based 
annual cropping system. The number of auxiliary crop species tested is too 
limited for that purpose, and the range of functions studied is too narrow. 
To focus the discussion on selection of auxiliary crop species, the 'case' of 
Leucaena leucocephala will be briefly considered. This perennial was at 
one time almost the sole standard in the budding alley-cropping technology, 
and its history and performance teach some important lessons. This woody 
legume was initially widely extolled as a 'wonder tree', a 'saviour' (Benge, 
1981), qualifications that stimulated an often unwarranted introduction in 
the tropical world. Two important properties account for its popularity: 
high biomass production potential and an ability to fix uncommonly large 
quantities of nitrogen. 
Singleminded distribution of Leucaena leucocephala has, however, 
repeatedly produced disappointing results, due to unfavourable climatic or 
soil conditions. Although 1,200 mm annual precipitation must be seen as 
the lower limit for the rainfall requirements of the species, rainfed 
Leucaena planting has occurred in regions receiving annual rainfall of 900 
mm or even less. Soil acidity, a problem frequently encountered in tropical 
Oxisols, affects seedling establishment and early growth, as well as later 
biomass productivity. In some cases, its prolific seed production has turned 
the species into a serious weed, which is difficult to eradicate manually. 
The narrow genetic base of the germ plasm distributed started to cause 
problems in late 1982, when the Leucaena Psyllid (Heteropsylla cubana 
Crawford) emerged as a major pest outside its native range in the Americas 
(NFTA, 1988). Increasingly, questions about the species' ability to check 
soil erosion have appeared (Halos, 1980; IDRC, 1982, p. 173). Its fast leaf 
litter decomposition (Chapter 4), capacity to shade out undergrowth, and 
nyctitropic leaflet movement during heavy rains, make it likely that 
Leucaena, when planted singly, will in fact be an erosion hazard. 
Finally, a decade of alley-cropping research in tropical Africa, primarily 
involving Leucaena leucocephala as auxiliary crop species, has received 
very little response from farming communities (Sumberg and Okali, 1988), 
even though auxiliary tree use and planted fallows are not uncommon in 
local farming systems (Grove, 1951, p. 57; Clayton, 1958; Wilson and 
Akapa, 1981; Agboola et al., 1982; Raintree and Warner, 1986; Adejuwon 
and Adesina, 1990). 
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This list of observations is not meant to discourage the use of Leucaena 
leucocephala as an auxiliary crop species. The thesis, however, is that 
many of these problems would not have occurred, or would have been less 
serious, had policymakers in agricultural research and rural development 
opted for a broader base of candidate species. Overuse of Leucaena leuco-
cephala appears to stem in part from lack of knowledge of alternative 
species. 
The observations discussed suggest that the most compelling rule in 
auxiliary crop species selection is to exploit biological diversity, rather than 
betting on a few high-performing species or varieties thereof. This conclu-
sion implies that reliable data on key characteristics must become available 
for a range of promising species. 
In selecting auxiliary crop species, two categories of criteria can be 
distinguished. The first includes several key criteria, generally considered 
to be of primary importance: 
• biomass productivity; 
• resilience to frequent lopping, with fast regrowth; 
• leaf nutrient content and nitrogen fixation; 
• plant architecture, including rooting patterns. 
The second category includes situational criteria: properties of auxiliary 
crop species that respond to particular environmental constraints, or 
requirements of main crops in the cropping system under consideration. In 
this latter category, for example, the sharp-leaved Agave sisalana (sisal) 
and unpalatable Euphorbia and Jatropha spp. are found; they are suitable 
under conditions in which freely-browsing cattle inhibit the establishment 
of other species. 
Properties of perennials specifically required by a main crop are also in 
this category. Live stake species used in pepper cultivation, for example, 
must have a rough bark that does not come off easily (cf. Marinet, 1955). 
Further, the wood of live stake species must be sufficiently strong not to 
collapse under the weight of the leaf mass of a given climbing crop 
(Chapter 8). 
Biomass productivity. When resource production for agricultural purposes 
is the primary aim, biomass productivity of an auxiliary crop species will 
be a key parameter in cropping system design. However, it should be borne 
in mind that highly productive auxiliary crop species, such as Leucaena 
leucocephala, Cassia siamea and others, are at the same time important 
competitors to a main crop. Integrated in a cropping system, they make use 
of the same limited resources - light, water and nutrients - that feed the 
main crop or crops. 
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As a rule, integration of strong producers demands zonally arranged 
cropping systems, such as alley-cropping (Huxley, 1985). When close 
association of main crop and auxiliary crop species is required, as when the 
latter is used as a live support, biomass productivity levels of the perennial 
species will necessarily be lower (Chapters 2 and 8). Obviously, close 
association of auxiliary crop species that are too competitive to main crops 
will have to be avoided. Zonal planting arrangements, however, may stem 
from requirements other than the properties of the cropping system compo-
nents. Mechanization of farm operations, e.g. ploughing, demands zonal 
planting. In making sustainable use of sloping land, such a cropping system 
organization is instrumental in terrace formation, and hence in erosion 
control (Roose, 1986; Garrity, 1989). 
Resilience to lopping. Fast regrowth after pruning and the ability to 
withstand frequent lopping are prerequisites for selection when biomass 
production for environmental management of the cropping system is the 
main reason for introducing an auxiliary crop species. Regrowth depends 
on the availability of active meristem tissues all over the plant, plus a 
sufficiently flexible growth model. A combination of these properties is 
often found in Leguminosae (Oldeman, 1986), but is also seen in plant 
families such as Euphorbiaceae, Compositae, Rosaceae and others. 
Nutrient content. Nitrogen fixation by bacteria in root nodules is often seen 
as one of the most important assets of auxiliary crop species. Leaf nitrogen 
content in species that fix nitrogen is higher than in species that do not fix 
this essential plant nutrient. 
The ability to fix nitrogen is widespread in the Leguminosae family 
(Allen and Allen, 1981); hence the disproportionate attention to leguminous 
species in early alley-cropping research and literature (e.g. Kang et al., 
1984, p. 4). In fact, apart from a few exceptions (Leucaena leucocephala 
and Casuarina equisetifolia), actual fixation rates are unknown (Dommer-
gues, 1987); high rates appear to be the exception rather than the rule. 
The relationship between nitrogen fixation and improved soil fertility is 
far from conclusive. Felker (1978, pp. 88-92), in reviewing the literature on 
Faidherbia albida (syn. Acacia àlbida), concludes that the higher overall 
soil fertility found in the neighbourhood of this particular tree must be the 
result of its ability to fix nitrogen, but Sanchez (1987) notes that Felker's 
review does not contain a single study in which soil fertility was measured 
before and after the planting of F. albida. Thus the question of whether the 
tree's natural distribution is not biased towards more fertile sites must be 
raised. 
Generally, if tree-generated soil enrichment takes place, the nutrient 
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Table 5. C/N ratio, productivity and disappearance of leaf material of 
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* based on productivity trials. Chapter 2 
f disappearance rates are based upon half-life values for carbon, which makes up 
approximately 50% of the leaf DM. Mulch quantity in decomposition trials initially 
amounted to 4,000 kg DM ha'1, Chapter 4 
influx, aside from nitrogen, will be small; consequently, the process of 
enrichment is a slow affair (Keilman, 1979). Moreover, there is evidence 
that nutrients are concentrated around trees at the expense of adjacent 
treeless sites (see e.g. Belsky et al., 1989; Kessler and Breman, 1991). 
Recently, authors have stressed the fact that the traditional research 
emphasis on nitrogen cycling may have been exaggerated (Huxley, 1986; 
Beer, 1988). They argue that in many situations nutrients other than 
nitrogen limit crop production. In such cases, perennials that manage to 
concentrate specific scarce nutrients are of interest. 
More importantly, such studies advocate paying attention to species that 
combine high litter productivity with a slowly decomposing leaf material. 
This option facilitates nutrient loss prevention. Establishing litter layers 
made up of mulches with C/N ratios around 20 to 30, rather than 10, not 
only reduces removal of nutrients by surface runoff,1 but also exploits the 
slow nutrient release property of these mulches. Leaf mulches with a C/N 
ratio of 10 (including the leaf material of Leucaena kucocephala and Gliri-
cidia sepium) decompose rapidly, increasing the risk that crops will not be 
able to absorb the quantity of nutrients offered by the mulch (Chapter 4). 
High nitrogen content and slow decomposition of leaf material are 
incompatible properties within a single plant species. Even when species 
manage to produce great quantities of leaf material per unit of time and 
space, as does Leucaena kucocephala, the low C/N ratio of the material 
prevents the establishment of a permanent litter layer. In such species, it 
takes more time to produce the leaf material than to lose it: see Table 5. 
In selecting auxiliary crop species, nitrogen fixation does not automa-
tically take priority. As noted, where nitrogen is not the primary constraint 
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on plant production, and soil erosion is a serious hazard, cropping system 
sustainability is likely to be more greatly enhanced by planting auxiliary 
crop species with tough, slowly decomposing leaves, so as to maintain a 
permanent litter layer. 
Architecture. Particularly under conditions of associated cropping, 
architectural aspects are important in selection of auxiliary crop species. 
Optimizing spatial complementarity of the species that make up the crop 
system is a primary goal in auxiliary crop species research (Willey, 1979). 
This search for complementarity concerns both aboveground and below-
ground characteristics of species. Leaf characteristics (e.g. size and colour) 
and quantity and dispersion of the leaf mass in the canopy determine the 
quality and quantity of the light transmitted (Willey, 1975; Budowski et al., 
1984). Although hard to quantify, the structure of the canopy is one of the 
factors held responsible for variations in crop yield level observed when 
different auxiliary crop species are used (Chapter 8). 
More specifically, in selecting auxiliary crop species for use as live 
supports, an elongated, unbranched architecture is desirable. Consequently, 
perennials that naturally produce long, slender branches are of interest 
(Chapter 8). Marinet (1955, pp. 330-332), for example, describes how 
Albizia sp. saplings are manipulated into becoming proper live stakes for 
black pepper, decreasing the hazard of root competition and encouraging a 
proper stature. Albizia's ability to propagate vegetatively is crucial to this 
procedure. Saplings are cut at a certain age, and then placed at a soil depth 
that will maintain sufficient distance between the rooting zone of the live 
stake and that of the associated pepper crop. 
Vegetative propagation is important to other auxiliary functions as well. 
When auxiliary tree species are used to reclaim grass-infested areas, the 
ability to propagate vegetatively is fundamental to successful establish-
ment. Gliricidia sepium has, in this respect, a clear advantage over seed 
propagated species such as Leucaena leucocephala. The former species has 
acquired some recognition in the battle against Imperata cylindrica 
(Clayton, 1958; Aken'ova and Atta-Krah, 1986). 
Deep rooting is seen as a positive quality of auxiliary perennials. Both 
recycling of nutrients from deeper soil layers and less troublesome crop/ 
auxiliary tree competition depend on this feature. Although root system 
development is influenced by local soil conditions, such as depth of the 
rootable zone, presence of hardpans and layers of concretions, nutrient 
distribution, water table, and so forth, there is also a species-specific 
element. Coster (1932) distinguishes three basic types in the root archi-
tecture of woody species: 
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1. deep penetration, few superficial roots; 
2. deep penetration, many superficial roots; 
3. shallow root system, variable number of superficial roots. 
These categories are not fixed. A species may start as the second type and 
over time develop into type 1, particularly when nutrients are present in 
sufficient quantities in the deeper soil layers (cf. Coster, 1932, on Leucaena 
leucocephala in deep, relatively fertile soils). 
For the species covered by this study, little quantitative information is 
available on root architecture. Leucaena leucocephala is said to root 
deeply. In plants that were 9-11 months old, planted at Buitenzorg, Java, 
6% of the total root length was found more than 3 m below the soil surface 
(Keuchenius, 1927). Jonsson et al. (1988) show that the feeder roots of this 
species are also well-represented in topsoil, a finding that is confirmed by 
this study (Chapter 8). 
In chemically poor soils, perennial root development usually takes place 
where the scarce nutrient resources are located. If nutrient availability is 
mostly confined to the upper soil horizon, root competition is likely to 
occur between perennial and superficially rooting annual crops. 
Generally, in selecting auxiliary crop species for intercropping systems, 
neither short-lived woody pioneers nor species that belong to the latest 
stage of succession are unconditionally suitable. Suitability of the first cate-
gory is limited, because of competitive fast growth and its roots' strong 
colonization of the upper soil horizon. The second category is impractical 
due to slow initial growth. 
No perennial species, it seems, offers an ideal combination of fast 
growth, deep root penetration and limited rooting in the topsoil in all life 
cycle stages (Hairiah and van Noordwijk, 1986). In other words, there is no 
such thing as an 'ideal' auxiliary perennial: each species presents a 'mixed 
bag' of blessings plus less desirable properties. 
Recommendations: a research agenda 
Agroforestry involves agricultural production systems in which trees and 
annual crops are grown simultaneously on the same unit of land. Growing 
trees in this setting implies sacrificing part of the yield of the annual crops. 
However, product diversification and yield and income stability are 
arguments in favour of agroforestry as a land use strategy. 
In this review and the papers that follow, emphasis is on the role 
auxiliary perennials can play in environmental protection. Here productive 
space is sacrificed to achieve sustainability of land use. Environmental 
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protection as motive for planting perennial species demands a specific 
place in a classification of agroforestry systems. Use of the generic name 
integrated fallow farming to cover all annual crop production systems in 
which woody perennials form a buffer against environmental deterioration 
is proposed. In system classification, subdivision should then distinguish 
between zonally organized and associated planting configurations, as 
discussed. 
Introduction of auxiliary perennials into annual cropping systems creates 
two fundamental problems. One is that the productive space left over must 
provide outputs that are sufficiently high to make the auxiliary perennial-
based cropping system economically attractive. The other problem is that, 
for the farmer, introducing auxiliary perennials and the associated cultural 
practices creates a major management problem (Garrity, 1989). 
The search for solutions to these two problems requires making use of 
two different environments. Increasing production efficiency typically 
requires on-station agricultural research, while the management question 
must be resolved in close cooperation with eventual users. Recommenda-
tions for future research will therefore be developed along these two lines. 
Priorities for on-station research 
Land use problems (e.g. soil erosion or chemical impoverishment) partly 
stem from ill-fitting agricultural production systems, from production 
procedures that fail to respond to specific environmental characteristics and 
limitations. Even where the attempt is made to compensate nutrient losses 
by applying fertilizers, rainfed annual cropping systems show varying 
degrees of lack of sustainability, due to topsoil losses resulting from surface 
erosion. This observation seems valid not only in the tropics, but in the 
climatologically much more benign temperate zones as well (de Wit, 1989). 
The primary motive for integrating auxiliary perennials in annual cropping 
systems, therefore, would be to increase the buffer capacity of the crop 
system, so as to minimize soil and plant nutrient losses. The functions of an 
improved crop system buffer capacity are: 
maintenance of organic matter in the soil; 
increased efficiency in use of nutrients, including those provided by 
applying inorganic fertilizers; 
creation of barriers to soil transport. 
Although these three functions are defined separately, the text that follows 
makes it obvious that they are strongly entwined. 
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Figure I. The crop/auxiliary species biomass equilibrium 
a. Auxiliary species during fallow period 
V aboveground biomass of auxiliary species 
belowground sphere of 






of influence of the crop 
b. Situation when land is cropped 
Maintenance of soil organic matter 
Problems of soil degradation are especially notorious in soil types that 
depend on organic matter content to maintain soil fertility. In Oxisols and 
Ultisols, the activity of the available clay fraction is often low in terms of 
cation adsorption; 50% or more of the soil's cation exchange capacity - a 
major soil fertility indicator - may depend on the organic matter content of 
the soil (de Boissezon, 1970; Brams, 1971; Budelman and Zander, 1990). 
Under such conditions, soil fertility maintenance is almost identical with 
maintenance of the organic matter status of the soil (Sanchez, 1976). 
If sustainable crop production depends on maintenance of organic matter in 
the soil, the question that must be answered is what portion of the land 
cultivated must be under auxiliary perennials, to provide enough organic 
material to make up for losses. 
Young (1987) states that if the rest period needed to maintain produc-
tivity of the land is x per cent of time, the initial assumption must be that x 
per cent of the land must be occupied by auxiliary perennials. It is obvious, 
however, that the ratio between rest and productive time found in long 
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fallow systems (e.g. one year of cultivation against seven years of rest: 
R=15%) is not feasible for an alley-cropping system. Although it is likely 
that modest fertilizer use will favourably alter the ratio between productive 
space and protective space (that occupied by auxiliary perennials), no data 
are available to suggest how the ratio would change given use of inorganic 
sources of plant nutrients. 
Nutrient use efficiency 
Auxiliary perennials act as a temporary store of plant nutrients. They play 
this role as long as their roots are alive, no matter whether the land carries a 
crop or lies fallow. If these live roots absorb nutrients from soil layers 
beyond the zone where the roots of the annual crops are active, auxiliary 
perennials potentially increase the availability of nutrients. When there are 
no crops in the field the nutrient storing effect of the auxiliary species is 
even more pronounced. 
One can, therefore, define the auxiliary perennial/crop relationship as a 
dynamic equilibrium: the aboveground biomass of the auxiliary component 
is reduced as the crop develops, and left to expand as soon as the crop 
finishes its cycle (Figure 1). Cutting the biomass of the auxiliary crop 
species not only makes room for the developing crop, thus limiting 
interspecific competition; at the same time, the leaf part of the biomass in 
particular is a nutrient concentrate with a certain value as manure. 
Putting the principles discussed here into practice requires, first of all, 
auxiliary perennials that root deeply and extensively. As argued earlier, 
information on rooting habits and development in auxiliary perennials is 
scarce, and therefore a priority for research. 
Barriers to soil transport 
Auxiliary perennials can contribute significantly to soil erosion control, 
when planted along contour lines and/or when species are selected to 
provide slowly decomposing mulch material. The standing biomass and 
living root systems of auxiliary crop species, as such, do not play major 
roles in preventing soil transport (Wiersum, 1985). However, when planted 
in a line and at close intervals, auxiliary perennials like Leucaena 
leucocephala effectively check soil erosion. This effect is enhanced when 
branches are placed along the line, close to the base of the trees. 
These measures are known to assist in terrace formation (Roose, 1986), 
and therefore are potentially an important element in making hillside 
agriculture sustainable. Contour planting of auxiliary crop species is an 
accepted part of the so-called SALT, 'sloping agricultural land technology' 
(Garrity, 1989). A useful extension of SALT would be a search for woody 
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species that are easier to establish than Leucaena leucocephala, and that 
produce notable quantities of slowly decomposing leaf material. 
Organic mulch material carries nutrients that serve the interest of crop 
production, and prevents surface runoff and the resulting loss of nutrients. 
We need to ask what C/N ratio is optimal, in terms of providing these two 
beneficial aspects; or, would production of mixed mulches, using more than 
one perennial species (thus making available mulch material with both high 
and low C/N ratios) be a practical solution (cf. Siaw et al., 1991). 
Alternatively, would it make sense to opt for woody litter, leaving twigs 
and finer branches to rot, instead of removing these to facilitate agricultural 
operations (Huxley, 1986; Young, 1987)? 
Conclusion 
In crop production strategies designed for ecologically fragile areas, 
perennials may help to enhance the sustainable use of resources, but one 
cannot expect integration of woody species alone to guarantee sustained 
yields. Woody species do not generate fertility, at least not at the levels or 
in the timeframes required for intensive agricultural production. 
Consequently, there is no doubt that inorganic fertilizers are needed, 
certainly under circumstances of low natural chemical soil fertility - at 
least to compensate for loss of nutrients exported in agricultural products 
leaving the field. Particularly in the case of continuous cultivation of 
rainfed annual crops, neither auxiliary crop species nor fertilizer application 
alone creates conditions that allow sustained production. A judicious mix of 
the two cultural practices may, however, be the key to successful crop 
production strategies with broad practical value. 
The type of research questions described above demand on-station 
monitoring of long term trials, in which a sufficiently large number of 
woody auxiliary crop species is involved to allow effective exploitation of 
biological diversity. In addition to the creation of a solid data base, model-
ling is indispensable to the development of auxiliary perennial-based 
cropping systems. Since many of the relationships discussed in this review 
include elements of competition, in which the basic opposition is between 
production for the short term and protection of resources for the long term, 
optimization - finding the best possible balance between these two needs -
appears to be at the heart of the matter. 
Lastly, as this study demonstrates, questions regarding sustainability cannot 
be resolved unless research accommodates sufficiently long programme 
cycles. The reason the data provided by this study do not advance 
discussions of sustainability much further is essentially that the period of 
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four years of field observations has been too short, a proof that experi-
mental work with trees requires a different time horizon than is usual in 
research on annual crops. 
On-farm research 
The research priorities described reflect a belief that the agenda for 
on-station research should be limited. In addition to collecting data on 
characteristics and performance of the broadest possible set of auxiliary 
crop species, on-station research should focus on the biological under-
pinnings of the way auxiliary-based cropping systems function, and refrain 
from making precise operational prescriptions (Sumberg and Okali, 1988; 
Garrity, 1989). Thus the relative value of slowly decomposing mulches 
belongs to the domain to be studied, but not the relative spacing of a 
particular combination of crop and auxiliary perennial, nor the question of 
whether alleys should be three or four metres wide. 
As this review makes clear, auxiliary perennial-based annual crop 
production technology, in spite of apparent ecological soundness, presents 
several serious drawbacks that stand in the way of rapid dissemination: 
complexity in terms of management, and the effort required for establish-
ment. Implementation has consequences at all levels of a farmer's crop 
production system - labour allocation, tillage practices, soil fertility man-
agement, weed and disease control, and so forth - ramifications that as 
noted may well explain the limited enthusiasm of farmers for adopting, for 
example, alley-cropping. 
Such questions can never be resolved unless the technology is put into 
practice, and farmers' handling of it closely monitored and evaluated. The 
hope is that in the process of on-farm research, farmers will adapt the 
technology to the hitherto unidentified constraints they meet (Sumberg and 
Okali, 1988). Further, it is to be expected that their experience will enrich 
the set of options, and that 'new' tree species, cultural practices, and so 
forth will be added. This perspective demonstrates the need for seeking 
flexibility in the technologies offered, rather than blueprint-type 
prescriptions. 
Finally, on-farm research would gain enormously in terms of efficiency 
if farmers with solid experience in technology adaptation were to be 
mobilized to train other farmers (Garrity, 1989). Of the three stages in 
development of cropping system technologies - technology creation, 
testing and adapting, and transfer of information - institutionally speaking, 
it is this last component that represents the greatest challenge. 
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Notes 
1. Some authors believe, however, that F. albida only establishes on relatively fertile 
spots. Higher fertility around these trees thus does not constitute proof that the species 
improves sites (cf. Sanchez, 1987) 
2. Obviously, not all farmers display ecologically adapted cropping strategies. In many 
countries in Latin America colonists literally waste land (cf. Watters, 1971), while 
recently migrated farmers in Africa tend to maintain tillage techniques unsuitable to 
their new habitats (cf. Budelman and Zander, 1990) 
3. Together they account for over 40% of potentially arable land resources in the tropics 
(Sanchez and Salinas, 1981). 
4. References in the text are to Parts II-IV of the book; chapter numbers refer to specific 
reprints of papers (see Table of Contents). 
5. Originally Cassia siamea, a non nitrogen-fixing woody legume, was also included in 
the live stake research programme. Trial plantations, however, suffered from a serious 
attack of an unidentified stem borer. This apparently caused a black coloration of the 
stems, and eventually led to the death of almost all plants. The species was subse-
quently eliminated from the programme. A farmer-based field trial including Cassia 
siamea as live stakes in the Tai region, southwest Ivory Coast, demonstrated that the 
species is not suitable in the role of a live stake (Budelman and Pinners, 1987). 
6. See also Raintree and Warner, 1986; and Adejuwon and Adesina, 1990. 
7. Cf. 'cut-and-carry ' systems for livestock production (Francis and Atta-Krah, 1989). 
8. See further Huxley, 1986; Huxley and Mead, 1988; Huxley et al, 1989. 
9. Sumberg and Okali (1988) argue that only global proof of the validity of a new crop 
technology is needed, and that farmers should be involved as soon as possible in 
refining a technology, and adapting it to local constraints and needs. The experience of 
Francis and Atta-Krah (1989) seems to support this argument. 
10. Some publications refer to characteristics of auxiliary species, albeit not systema-
tically. For alley-cropping, see e.g. Kang et al., 1984, p. 4. Regarding live stakes in 
vanilla cultivation see e.g. Anonymous, 1970; Ashley, 1980. Live stakes in black 
pepper cultivation are covered by e.g. Mannet, 1955 and Seibert, 1987. 
11. Over 50 specialists in agroforestry research were consulted and asked to indicate 
priority properties for the selection of auxiliary crop species. 
12. Wiersum (1985) has shown that, in a plantation of Acacia auriculiformis, litter cover is 
more important in reducing soil erosion than is the cover provided by standing 
biomass. 
13. For summaries of the meaning of agroecosystem buffer capacity as concept, its ele-
ments and its management, the reader is referred to Budelman, 1991, and Budelman 
and Huijsman, 1991, pp. 38-39. 
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Leaf dry matter productivity of three selected perennial 
leguminous species in humid tropical Ivory Coast 
ARNOUD BUDELMAN 
Centre Néerlandais, Ivory Coast. Department of Tropical Crop Science, Agricultural 
University. P.O. Box 341 Wageningen, The Netherlands 
Key words: Leucaena leucocephala, Gliricidia sepium, Flemingia macrophylla, Leaf dry 
matter productivity, NELDER-design, leaf area indices 
Abstract. Leaf dry matter productivity has been measured at the end of regrowth cycles of 3 
months for stands of Leucaena leucocephala, Gliricidia sepium and Flemingia macrophylla, all 
three species belonging to the Leguminosae. The effective period of observation was minimally 
24 months, or 8 regrowth cycles, after a period of establishment of slightly more than a year. 
Using systematic trial designs, originally developed by NELDER, yield figures have been 
acquired for a broad range of plant densities. At a plant density of 10,000 trees per hectare 
the average yearly leaf DM productivity amounted to 15.4 ton for Leucaena leucocephala, 12.4 
ton for Flemingia macrophylla and 10.S ton for Gliricidia sepium. 
Productivity figures and leaf area indices are compared with those of relevant cropping 
systems. 
1. Introduction 
This paper summarises leaf biomass productivity1 data from Leucaena 
leucocephala, Gliricidia sepium and Flemingia macrophylla. These perennial 
species belong to the Leguminosae, and are known to potentially fix atmo-
spheric nitrogen. 
The three woody legumes have been studied in sub-equatorial Ivory Coast 
as candidate species for low external input agricultural systems, like for 
example alley-cropping [19], whereby the trees help to prevent degradation 
of land under cultivation. Such systems permit a more intensive use of the 
land and may eventually replace shifting cultivation if both their sustainabil-
ity and economic viability cart be unequivocally demonstrated. 
The information presented here is part of a series of articles prepared for 
this Journal. Apart from the observations on biomass productivity the 
research programme included studies on i) the characteristics of the three 
' In the text the term 'production' is reserved to indicate the biological process sensu stricto. 
When referring to the rate of production the term 'productivity' is used [20] 
LEAF DRY MATTER PRODUCTIVITY 4 7 
leaf mulches (leaf nutrient content [11] and decomposition [12]), ii) the 
effects of leaf mulches in the cropping environment (in weed control [10] and 
as green manure2) and, lastly iii) the relative suitability of the woody 
leguminous species as live support systems in yam cultivation [9]3. 
Nitrogen-fixing trees and shrubs offer a wide variety of possible uses in 
tropical production systems involving crop-, animal- and (fire) wood 
production. Brewbaker et al. [1972] noted that Leucaena leucocephala, 
grown in pure, dense stands and well-managed, probably represents the 
most efficient way of producing proteins under tropical conditions [8]. 
The list of other uses is extensive; in landreclamation, as covercrops in tree 
plantations, in weed control, as planted fallow systems, as wind- and fire-
breaks, for wood production, etcetera. 
In fact the evaluation of leguminous species as a biological resource has 
only just begun. Of the three perennial species considered here only Leu-
caena leucocephala has so far been studied in detail [6, 8, 17, 19]. For 
Gliricidia sepium knowledge of its productivity is incomplete and fragmen-
ted at best. As recently as 1982 review articles on the species lacked a single 
reference to biomass productivity [16], or contained only rudimentary data 
[14]. 
Since then information on the productivity of Gliricidia sepium has been 
gathered in Central America, where the species is used as living fences in 
cattle-rearing systems [22]. This is, however, a rather exceptional situation, 
from which it is difficult to generalise about biomass yield data. 
In the case of Flemingia macrophylla even less data are published. General 
references have been made to its use in dry-season browsing in natural 
stands [3], as planted forage species [4], as cover crop in experimental coffee 
plantations [7] and in a similar role in rubber cultivation [2]. 
The objective of this study was to acquire productivity data on the three 
perennials, as part of a broad evaluation of the usefulness of species for 
integration in sustainable food cropping systems. Information on leaf bio-
mass productivity is necessary, for example, in order to assess species 
potential to recycle nutrients and to develop appropriate cropping system 
management procedures. 
2. Location, soil and climate 
The productivity trials were located in Ivory Coast near Abidjan (5°19'N, 
4°13'W) on an experimental farm, 29 m above sea level. The climate in the 
2
 In preparation: 'The effect of the application of the leaf mulch of Gliricidia sepium on early 
development, leaf nutrient content and tuber yields of Water Yam (Dioscorea alata)' 
3
 Reference [9] is a preliminary report. A final paper is in preparation titled 'Woody legumes 
as live support systems in Yam cultivation' and is scheduled for submission mid-1988 
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coastal belt is sub-equatorial, with two rainfall peaks. The main rainy season 
occurs from May to July, with a lesser peak in October and November. June 
is the wettest month. The average annual precipitation over a 30 year period 
is 2131 mm, with a maximum of 3030 mm, and a minimum of 1621 mm [21]. 
The period from January to March is relatively hot and dry, with January 
as the driest month. It is then that the 'Harmattan', a dry wind originating 
in the desert to the north, may reach the coast. During this event, which 
differs from year to year in intensity and duration, radiation is reduced as 
a result of the dustload in the air. The relative air humidity may drop to a 
minimum of 65 percent. Maximum air humidity normally is 80%, with a 
peak of 90% during the rainy season. The daily potential évapotranspiration 
varies from 2.8 mm (June and July) to 4.7 mm (March). The periods Decem-
ber to March and August to September show water deficits (PET > rain-
fall). 
The soil is formed on a small band of tertiary and quarternary deposits 
along the coastline. The dominant characteristic of these sandy, ferralitic 
soils is their strong desaturation combined with a weak base exchange 
capacity [23]. 
The total clay and silt content in the upper horizon typically amounts to 
15% or less. Humus is mostly responsible for the adsorption complex. The 
nitrogen availability is directly related to the organic matter content in the 
soil (average C/N ratio equals 15). Generally the phosphorus content in the 
Table 1. Summary of monthly climatic data at the trial site (Adiopodoumé, Ivory Coast. 























































































































































* PET (potential evapo-transpiration) calculated according to Turc's formula 
































Table 2. Physical and chemical characteristics of the soil in the trial area (abbreviated after 
Siemonsma, 1982) 
parts 50-2000 ^ m 
clay + loam (parts < 50/im) 
organic matter 
carbon (Walkley & Black) 
nitrogen 
C/N ratio 
P total (HNO,) 






Cation Exchange Capacity 
Base Saturation 
p H H , 0 
pH KCl 
soil is adequate for crop growth. Occasionally, the soil may be deficient in 
magnesium, but it is potassium that is repeatedly found to be the nutrient 
limiting biomass production. 
The pH is often variable at the surface and ranges from 3.9 to 5.7, with 
5.0 as average. 
In Table 2 the analysis results are presented from soil samples taken from 
the trial area. 
Under a closed canopy the physical structure of these soils is excellent. 
Rapid degradation however occurs whenever they are subjected to annual 
cropping regimes, and severe erosion is not uncommon under such circum-
stances [23]. 
3. Materials and methods 
Cuttings of Gliricidia sepium (Jacq.) Walp.4 and seeds from Flemingia ma-
crophylla (Willd.) Merr.5 were acquired from the Coffee and Cacao Research 
Station at Divo, where both species are used in experimental coffee planta-
tions as shade- and cover crops. The seeds of Leucaena leucocephala (Lam.) 
de Wit6 were collected from naturalised specimens that occur widely in 
4
 Synonym: Gliricidia maculât a 
s
 Synonyms: Flemingia congesta, Moghania macrophylla 
6
 Synonym: Leucaena glauca 
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roadside vegetation in southern and central Ivory Coast. The plant type is 
comparable in habitus and behaviour to the shrubby 'Hawaiian' form, and 
was preferred as reference over Leucaena leucocephala cv. K-28, since the 
Hawaiian form yielded substantially more leaf biomass per unit time (48% 
more leaf DM per ha year" ' ). This is contrary to the early findings in Hawaii 
where the K-series in general performed better than the local weedy form of 
the species [8]. 
Later work in Hawaii however gave results comparable to those found here 
[17]. 
The trials were established in late 1983-early 1984. After a period of 
establishment of about one year the young shrubs were completely stripped 
of all green material. This first cutting marked the beginning of the first 
production cycle. 
Due to limited space available a systematic design (a so-called NELDER-
design after its inventor) was chosen [5, 18]; see subscript Figure 1 for 
specifications. No replications were involved. 
The plant densities thus varied from 1,200 to 14,800 plants per ha for 
Flemingia macrophylla, 1,200 to 48,000 plants for Gliricidia sepium and from 
2.4 2.2 2.Ü 1.8 1.6 1.4 1.2 m 
o ; guard plant 
• ; plants harvested 
Fig. I. Design of productivity trials. 
Notes to Figure 1 - drawn to scale: example Flemingia macrophylla trial layout, 8 harvestable 
(half-) circles, 11 rays = 88 plants in observation. 
- Leucaena leucocephala; as Figure 1 with 10 harvestable (half-) circles-
110 plants in observation. 
- Gliricidia sepium; as Figure 1 with 10 harvestable (full-) circles —220 
plants in observation. 
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1,200 to 52,600 plants per ha for Leucaena leucocephala. The range for 
Flemingia macrophylla is less broad since the densest planted circles had to 
be abandoned during measurement, because the individual plants could no 
longer be identified. 
In Figure 2 the deviations from square planting arrangements are given. 
Note that the deviations are slight in the upper ranges ( > 5,000 plants ha " ' ) 
and increase at the lower end of the plant density range. This deviation is 
important when comparing productivity data, since populations should not 
only be defined in terms of numbers per hectare, but also in terms of specific 
planting arrangements used [13, 27]. 
However, at lower densities the deviations from a square arrangement 
gradually become less important, since increasing distance means less com-
petition between individual plants. 
Leaf biomass productivity was measured after a standard 3-month 
regrowth period. The choice of the duration of the cycle was based on 
experiences elsewhere [6, 17]. 
At the end of the 90 day. regrowth cycle the leaf biomass7 per shrub was 
weighed, and a figure of yield per plant density was established by calculat-
ing the average weight of leaf biomass produced per shrub. Averages were 
Distance between plants within the rays (in in) 
PUNT NUMBERS PER HECTARE 
Fig. 2. Planting arrangements (n.b. the straight line represents square arrangements). 
7
 A 'leaf is defined as the complete compound leaf (including; pulvinus, petiolus, rhachis, 
foliola). 
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based on 22 plants (G. sepium), or 11 plants (F. macrophylla, L. leucoce-
phala); Figure 1. 
Averages were then converted into ton leaf dry matter per hectare. Dry 
matter data were calculated after drying samples at 105 °C 
Regression analysis was subsequently applied to the data, using the 
natural logarithm of the plant densities on the X-axis. The resulting linear 
productivity functions are based on measurements of 220 (G. sepium), 110 
(L. leucocephald) and 88 (F. macrophylla) shrubs harvested for each of the 
regrowth cycles; Figure 1. The 8 or 9 productivity functions acquired during 
the total period of observation were transformed into average productivity 
functions; Table 3. 
The foliage, after cutting and fresh weight determination, was returned as 
mulch to the trial area. The data therefore come from a stable system from 
the point of view of plant nutrients available. 
A standard cutting height of 50 cm was adopted, to permit fast regrowth 
[14]. In the course of time, for both Gliricidia sepium and Leucaena leucoce-
phala, at all plant densities, trunk formation took place. The trees' architec-
ture resembled that of a pollarded common willow (Salix sp.), with a few 
rounded thickening stumps from where the regrowth occured. Flemingia 
macrophylla is more tussocky in nature, and showed no rounded heads. In 
the latter case, many branches form basal clusters from where the sprouting 
starts. 
During regrowth little weed control was needed, partly because of the 
speed of regrowth, partly because of the cut biomass acting as mulch 
preventing weed development [10]. 
The leaf surface to weight ratios were measured with a planimeter (model 
'Milliplan' of METRAPLAN S.A.). These ratios were used to calculate the 
respective Leaf Area Index (LAI) and the specific mass of the leaf material. 
Meteorological data came from the bioclimatology department of 
ORSTOM, Adiopodoumé. The observational field was situated at 500 m 
from the productivity trials. 
4. Results 
Average leaf biomass productivity functions for the three species studied are 
presented in Table 3. In the last column the range of plant densities per 
hectare is given over which the functions are valid. The functions are based 
on 9 three-monthly sequential8 growth cycles in the cases of Leucaena 
* The term 'sequential" is used here in the sense of similar events coming one after the other 
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Table 3. Average leaf-biomass productivity functions for the woody perennials 





per 3 months, X is 'log plants ha -1) 
Average productivity Number of Range 
function cycles plants ha~ 
Y = 0.59X-2.81 
Y = 0.94X-5.55 




leucocephala and Flemingia macrophylla. The productivity function of Gliri-
cidia sepium is an average of 8 cycles. The difference in the total length of 
the period of observation between the species is caused by the fact that 
Gliricidia sepium was slower to establish itself [11]. 
The equations presented in Table 3 allow us to estimate leaf biomass 
productivity ranging from very dense stands, useful when intensively man-
aged forage production is the objective, to extensive 1,000-trees per hectare 
farming operations, the likely outcome should small farmers take up the 
idea of using trees in annual cropping systems [1]. 
In Figure 3 the correlation coefficients belonging to the individual 3-
monthly productivity functions are displayed. As the Figure shows there is 
a slight but noticeable deterioration in the 'goodness of fit'. This is par-
ticularly true for the Gliricidia sepium trial where the values of r2 decline 
fleaingia trial 
gliricidia trial 
7 8 9 regrowth cycle 
(increasing age of the trials) 
Fig. 3. 'Goodness of fit' (r?) of the regression equations based on the leaf biomass harvested over 
the sequential regrowth cycles. 
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Quarterly leaf DM 
yield in ton and 
standard deviation 
2.62 ± 0.63 -I 
3.11 ± 0.53 \ 
3.86 + 0.60 J 
} 2.62 ± 0.63 J 







P < 0.010 
P < 0.001 







steadily. The reason is that in the course of time individual plants in the trial 
manage to enlarge at the expense of their neighbours. This is to be expected, 
and when distributed randomly in the trial no reason for immediate concern, 
since trial design and method of data processing smooth out such dispara-
ges. The cause of deteriorating correlation coefficients is that whole circles, 
or large parts thereof, start to take over space belonging to adjacent circles. 
The usefulness of the productivity trial ceases when the correlation coef-
ficient falls below a pre-set value. Hence, for the Gliricidia sepium and 
Leucaena leucocephala trials, each involving 10 plant densities (Fig. 1), a r2 
value of 0.39 no longer meets the 95% confidence level minimally required 
for statistical significance [25; p. 184]. For Flemingia macrophylla with 8 
plant densities a minimum r2 value of 0.45 is required to meet the norm. 
In Table 4 the average leaf biomass productivity for the three species has 
been calculated for a standard 10,000 plants per ha. The differences were 
tested using Student's Mest. 
It follows from Table 4 that Leucaena leucocephala produces significantly 
more leaf dry matter per unit time than the other two species, whereas no 
statistically significant difference was found between Gliricidia sepium and 
Flemingia macrophylla. The yearly leaf DM yield for 10,000 plants ha-1 can 
thus be estimated at 15.4 ton for Leucaena leucocephala, 12.4 ton for 
Flemingia macrophylla and 10.5 ton for Gliricidia sepium. 
5. Discussion and conclusions 
Leaf dry matter productivity and rainfall 
Quarterly leaf DM productivity varies considerably as the standard devia-
tions in Table 4 show. The Figures 4-a to 4-c summarise evidence that the 
LEAF DRY MATTER PRODUCTIVITY 5 5 
I OM per 1 months 
Fig. 4a. Leaf dry matter productivity of'Gliricidia sepium as a function of the estimated average 
daily water availability (n.b. each dot represents the productivity of a 3-month regrowth 
period at 10,000 plants/ha). 
Dry regime 






Wet r.9.„. • 
• 
Fig. 4b. Leaf dry matter productivity of Leucaena leucocephala as a function of the estimated 
average daily water availability (n.b. each dot represents the productivity of a 3-month 
regrowth period at 10,000 plants/ha). 
iverage PET » Ra>nfa iverage PET < Rair 
Fig. 4c. Leaf dry matter productivity of Flemingia macrophylla as a function of the estimated 
average daily water availability (n.b. each dot represents the productivity of a 3-month 
regrowth period at 10,000 plants/ha). 
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variation is caused by seasonal differences, with precipitation probably 
being the main factor. 
Using the PENMAN formula for the Potential Evapotranspiration rate 
(PET) a crude average daily water-balance has been assessed for each of the 
regrowth periods. Climatic factors included in the calculations are: Radia-
tion, windspeed, maximum- and minimum temperature, values for satura-
tion vapour pressure and rainfall. 
Two aspects potentially complicate the analysis. First of all the species 
studied are perennials and known to root deeply, with a possible access to 
permanent water sources. 
Fluctuations in soil moisture content that affect tree biomass production 
as a function of rainfall are however likely to occur. The soils on the 
experimental site are freely draining and known to possess a limited water 
storage capacity only, because of their coarse, sandy texture and relatively 
low organic matter content; Table 2. 
Moreover, two wells in the immediate neighbourhood had permanent 
water tables at a depth of over 60 m. The chance therefore that the planta-
tions could have secured a permanent watersupply during the dry seasons is 
small. 
A second fact that complicates the analysis is that crop water usage is not 
constant over the regrowth cycle. In the beginning, just after cutting, the 
water requirement will be much more limited compared to the situation' at 
the end of the regrowth period when standing leaf biomass reaches a peak 
in terms of volume. 
In the absence of any validated hydrological models for the species 
concerned, we opted for simple average daily water balance assessments. As 
Figures 4-a to 4-c show most production cycles experienced a water deficit 
(average daily potential évapotranspiration exceeding the average daily 
rainfall). During the 2 years of observation of productivity only during two 
production cyles the average daily precipitation exceeded the average daily 
value for the PET. 
The productivity levels during 'dry regime' cycles, 6 for G. sepium and 7 
for both L. leucocephala and F. macrophylla are clearly related to the average 
rainfall. The minimum confidence level for significance of the increase in 
productivity being 95% [25; p. 184]; Figure 4-a to 4-c. 
Limitations of the approach 
The main objective of this paper is to assess the performance of the three 
woody perennials in terms of leaf biomass productivity. For various reasons 
the degree of precision in the approach followed (and therefore the validity 
of the results acquired) is limited. 
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In spite of the fact that the productivity functions in Table 3 are specified 
for ranges up to a maximum of c. 50,000 plants ha"1 there are ample reasons 
to be careful with biomass productivity estimates in that specific part of the 
range. As Figure 2 shows the increase in plant numbers per ha in the upper 
part of the range is considerable, and in fact doubles between the two closest 
planted circles of shrubs in observation.,As a 'safe' upper limit a maximum 
of 25,000 plants per hectare is advised for which the productivity estimates 
will have a realistic value. 
Secondly, biomass was measured under a single cutting regime only, while 
plant densities and arrangements covered are a fraction of the planting 
configurations possible. Although the equations in Table 3 allow us to 
calculate productivity at dense, more or less equidistant planting arrange-
ments (e.g. 20,000 plants ha" ' ) the figure acquired is of doubt full value when 
we intend to estimate the productivity of the same 20,000 plants arranged 
in an alley-cropping system in which for example the rows stand 4 m apart 
and the in-row plant distance is 12.5 cm. 
When the productivity functions of Table 3 are used to estimate biomass 
productivity, careful consideration is needed regarding both aspects: Cut-
ting regime and planting configuration. 
Thirdly, the practical value of the equations from Table 3 is limited since 
productivity results are site-specific. Of the two main factors soil and rain-
fall, only regarding the latter factor, to some extent, crude corrections in 
productivity estimates can be made. With the information presented in 
Figure 4-a to 4-c, and knowledge on the local water-balance, the graphs 
allow modification of the average productivity figures given in Table 4. 
Regarding soil differences such corrections to productivity estimates are 
impossible in the absence of verified models that relate nutrient uptake and 
biomass productivity of the species. 
Comparison to other studies 
Inversely, the same problem exists when reference is made to other studies 
and locations in the humid tropics. 
As has already been argued, little information on biomass productivity is 
available for the three species, except for Leucaena leucocephala. Generally, 
data from literature on the performance of L. leucocephala concur with the 
results from this study [6, 8, 17, 19]. 
At the level of interspecific comparison of productivity data one meets the 
problem of different growthforms of the species considered (Table 5), a fact 
already relevant within the context of this study, since the shrubby Flemingia 
macrophylla definitely has a habitus that differs from that of the two tree 
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Table 5. The leaf dry matter productivity of the three selected species (at 10,000 plants ha"1) 
compared to other mulch/fodder producing species 
(periods of observation; 24 (G. sepium), 27 (L. leucocephala and F. macrophylla) and 20 months 
for the species studied by TALINEAU, 1970. All data come from the ORSTOM experimental 














































species. The shrub has less potential to expand compared to the tree species. 
As a consequence, at low plant densities, biomass productivity per unit area 
suffers; Table 7. A similar remark can be made concerning the comparison 
of the performance of the species studied with data on crop associations or, 
increasingly complex, plant communities; Table 6. 
References at both levels are however of interest to acquire a more diverse 
idea of the performance of the leguminous perennials. 
In Table 5 the leaf biomass productivity of the three leguminous species 
is compared to other mulch or fodder producing plant species, all grown in 
close stands. The data come from trials conducted on the same experimental 
farm at an earlier date. As Table S shows the two Gramineae have growth 
rates superior to the leguminous species. If the overall productivity is taken 
into account (that is including woody parts) the biomass produced by 
Table 6. A comparison of the standing leaf biomass per unit area, the leaf area indices and the 
mean specific mass of the leaves of various plant communities 
(data for the three species studied all at 10,000 plants ha"1, 3 months old regrowth; additional 
data from Ewel et al. 1982; humid tropical Costa Rica) 
Plant community 
sec. succession (11 months) 
Gliricidia sepium 
Flemingia macrophylla 
cacao, plantain, Cordia sp. 
Gmelina arborea 
Leucaena leucocephala 
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flemingia 21.45 m2 kg" '. 
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Leucaena leucocephala for example would however probably equal that of 
Cynodon sp. 
Increasing the plant density and the number of harvests per year may 
further increase the productivity of the three species studied. The Table 
provides evidence of the remarkable potential of L. leucocephala as a forage/ 
mulch producing species. 
Table 6 shows that Leucaena leucocephala pairs a high standing leaf 
biomass with a relatively low specific mass of the leaf material. The ratio 
gives an approximation of the consequently high Leaf Area Index. 
Interestingly, because of its low leaf specific mass Flemingia macrophylla 
turns out to be an efficient soil cover. 
Compare this situation to the cacao, plantain and Cordia alliodora ass-
ociation with approximately a similar standing leaf biomass per unit area, 
but with a much higher mean specific leaf mass. The Leaf Area Index found 
in the latter association is about half that of the stand of Flemingia ma-
crophylla. 
High Leaf Area Indices are obviously of importance when the species are 
planted to protect fields from the direct impact of raindrops and from soil 
erosion. The three leguminous perennials tested here however show the 
so-called nyctitropic movements, the repose of the leaflets in the absence of 
light. Analogous movements occur during heavy showers. 
Of the three species studied Leucaena leucocephala shows the strongest 
movements, while Flemingia macrophylla is affected least of all. 
This particular observation is important since the species' potential to 
provide proper soil protection will be considerably diminished during night-
time and/or showers. The LAI should therefore not be used uncritically as 
a single criterion in an evaluation of the actual soil cover provided by plant 
communities. 
As a final conclusion Table 7 is presented, showing the yearly leaf biomass 
productivity estimates for the three species under different management 
scenarios, using the productivity functions of Table 3. 
Table 7. Estimated yearly leaf dry matter productivity for the three species as a function of 


























25,000 pi ha"1 
12.6 ton 
19.3 
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The extreme left column represents a smallholder operation in which the 
species are used in an extensive manner for feed production and/or poles. 
The trees under those circumstances will be planted at random and mixed 
with food- and other crops. 
Under the extensive management scenario Gliricidia sepium is almost 
equally productive as Leucaena leucocephala, while Flemingia macrophylla 
clearly lags behind because of reasons explained previously. 
Under an intensive management system, when planted as monoculture in 
dense stands, the superior production potential of Leucaena leucocephala is 
an obvious fact. 
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Nutrient composition of the leaf biomass of three selected 
woody leguminous species 
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macrophylla, F. congesta 
Abstract. In order to assess the value of leaf biomass the foliar nutrient content of Leucaena 
leucocephala, Gliricidia sepium and Flemingia macrophylla was studied under field conditions. 
In total 5 series of leaf samples were collected and analysed for nitrogen, phosphorus, 
potassium, calcium and magnesium content over a period of 42 months of growth obser-
vation. Results are compared with mean values derived from a literature study. Factors 
contributing to the variation observed are discussed and suggestions towards variation control 
are made. 
1. Introduction 
Leaf biomass harvested from deliberately planted trees and shrubs may be 
considered as an agricultural product or resource. Its use is generally con-
fined to the sphere of small-farm operations. Depending on the type of 
biomass its utility-range includes options such as supplementary feeding of 
cattle or poultry, mulching for soil protection or green manuring to improve 
soil fertility. Leaf biomass as an agricultural resource becomes more impor-
tant when modern, industrially-produced inputs are absent or too expensive. 
The value of leaf biomass depends on the intrinsic properties of the 
material collected (nutrient content, the amino-acid composition of its 
protein, digestibility, resistence to decomposition) and its use. 
Unlike commercially manufactured products (fertilisers, feedstuff's) leaf 
biomass carries no label giving specifications regarding its chemical com-
position. This poses problems in those cases in which biomass plays a vital 
role in the functioning of small-scale, low external input technology; alley-
cropping, dry season feeding strategies, etcetera. Such systems while having 
the advantage of being based largely on local and accessible resources, can 
be neither understood properly nor improved unless a considerable research 
investment is done to determine the chemical properties of the biomass. 
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This paper, the second 'data-base' article' of a series of three, summarises 
information on the content of the 5 macro-nutrients (N, P, K, Ca and Mg) 
in the leaf biomass of Leucaena leucocephala, Gliricidia sepium and Flemin-
gia macrophylla and the value of the biomass as a source of plant nutrients 
for use in low external input cropping systems. 
The three woody leguminous species are known as potential fixers of 
di-nitrogen and were tested as candidates in live support systems for yam 
(Dioscorea alata) cultivation. Such tree-annual crop associations, in which 
the trees help to prevent degradation of land under cultivation, may contri-
bute to ecologically sound sedentary land-use systems as alternatives to 
shifting cultivation. 
2. Leaf nutrient content: a literature survey 
The literature contains a range of information on the nutrient content of the 
leaves of Leucaena leucocephala, and to a lesser extent, of Gliricidia sepium. 
For Flemingia macrophylla only one reference was found; Table 1. 
In general information on leaf nutrient composition in tropical legumin-
ous trees and shrubs is scarce and incomplete. Sources are often inaccessible 
[1, 14, 15] and the majority of records does not give proper descriptions of 
the part(s) of the plant sampled, the age of the material, the analysis 
technique used, nor environmental information on ambient climatic and soil 
conditions. 
Literature sources relate mainly to the use of foliage as feed stuff in animal 
husbandry research [4, 5, 6, 10, 23]. 
It will be clear from Table 1 that there is considerable variation in the 
figures presented by up to a factor 2. 
3. Location, materials and methods 
Leaf samples were collected from biomass productivity trials of Leucaena 
leucocephala (Lam.) de Wit, Gliricidia sepium (Jacq.) Walp.2 and Flemingia 
macrophylla (Willd.) Merr? located near Abidjan, Ivory Coast. After cutting 
and weighing the biomass for productivity figures, the leaf biomass was 
1
 The first paper deals with aspects of leaf biomass productivity of the three species mentioned 
[2]. The third article investigates the decomposition of the leaf biomass, the relative persistency 
of the mulches and the release of nutrients [3] 
2
 Synonym Gliricidia maculata 
Synonyms Flemingia congesta, Moghania macrophylla 
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Table 1. Nutrient content of the leaves of Leucaena leucocephala, Gliricidia sepium and 



















































































































































* Young sprouts or prunings 
returned to the soil as a mulch. The productivity trials were designed to 
function within a nutrient-stable context. 
For information on the origin of the species in observation, climatic 
conditions and soil type see reference 2. The productivity trials were raised 
from material (seeds, cuttings) that received no inoculation with Rhizobium 
bacteria. All species showed root nodules, however. 
The samples were taken over a period of 42 months. The sampling 
schedule is presented in Table 2. 
A leaf sample contained leaflets and rhachis. Although it is likely that 
leaflets and rhachis differ in nutrient content, for practical purposes and for 
the sake of comparison with previously published information, both com-
ponents were mixed and subjected to analysis. 
Sampling was done at the end of a standard regrowth period of three 
months and the figures represent the average nutrient content of the foliar 
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Table 2. Number and timing of leaf samples taken 

































* Months after planting the productivity trials 
material of a complete branch. Young and old leaves were homogenously 
mixed in each sample. 
Root nodules were collected and analysed for nitrogen from plants that 
were raised in 601 steel drums; Table 6. The soil used in the drums came 
from an established plantation of Leucaena leucocephala cv. K.-28. The root 
nodules were harvested from 6 months old plants. 
The leaf- and nodule samples were analysed by the Central Laboratory in 
Ivory Coast of ORSTOM, the French organisation for overseas research 
and development co-operation. 
The dry matter figures are derived from samples dried at 105°C; Table 3. 
Nitrogen was mineralised following the method developed by KJELDAHL 
and measured colorimetrically. The phosphorus in the samples was first 
changed into a phosphomolybdenum complex and then measured with the 
help of a colorimeter. Potassium content was quantified using a flame-
Table 3. Conversion factors; leaf dry matter (DM) weight as % of leaf fresh matter (FM) 
weight for each of the species 
Species Timing of sampling (month) Mean and standard 
deviation 
12 24 36 39 42 
L. leucocephala 
leaf DM/leaf FM; 25.5 26.5 26.3 26.5 27.5% 26.5 ± 0.71 
G. sepium 
leaf DM/leaf FM; 14.6* 21.3 21.2 22.3 22.7% 21.9 ± 0.74 
F. macrophylla 
leaf DM/leaf FM; 28.5 28.6 27.6 28.9 28.1% 28.3 ± 0.25 
* For Gliricidia sepium data at 12 months are excluded from calculating mean and standard 
deviation. 
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photometer. Lastly, calcium and magnesium levels were assessed by atomic 
absorption. 
4. Results 
Dry matter content 
Conversion factors for the leaf dry/fresh weight are given for each of the 
species studied; Table 3. In the last column mean and standard deviation are 
given. In the calculation the data for Gliricidia sepium at 12 months were 
omitted, since by that time the species had not reached stable production at 
the management regime chosen [2]. It apparently develops slower than 
Leucaena leucocephala and Flemingia macrophylla. 
While dry matter contents are approximately similar for Leucaena leu-
cocephala and Flemingia macrophylla, the values for Gliricidia sepium are 
slightly lower. Literature sources, however, give higher values for leaf dry 
matter contents for Gliricidia sepium; 25.1 % [23], 27.0 % [4] and 27.1 % [6]. 
For Leucaena leucocephala the dry matter content of the leaves are in the 
range of 23.1 % [16] to 31.2 % [23], while for Flemingia macrophylla the only 
other study available gives 24.1 % for the leaf dry matter content [24]. 
Nutrient content 
In table 4 the nutrient content of the leaves of the species studied is shown. 
Where a range is given the lefthand figure represents the estimate at 12 
months, while the right hand figure gives the estimate at 42 months. The 
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Content in percentages; 
Leucaena 
2.95 to 3.67" 
0.22 ± 0.03 
1.52 + 0.30 
0.92 ±0.17 







3.18 ± 0.33 
0.19to0.25c 
1.68 ± 0.20 
1.34 ± 0.18 
0.40 to 0.61« 
'downward trends' 
*Y - -0.002X + 
•Y = -0.0I4X + 
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0.19 to 0.23d 
0.98 to 1.40« 
0.65 ± 0.09 
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* No statistically significant difference between means. 
regression equations at the bottom of the Table can be used to estimate the 
nutrient content for any other period between the two extremes (Y in % and 
X in months). 
The confidence levels for statistical significance of the regression coef-
ficients are calculated according to the method described in ref. 22; p. 184. 
In those cases where no trend could be established in the development of 
the nutrient content, a mean and a standard deviation is given. 
In Table 5 the differences in mean nutrient contents found for the species 
are tested for significance using Student's t-test. 
In Table 6 information on the nitrogen content of root nodule samples is 
given and compared to the content of the nutrient in adjacent fine roots 
( < 1 mm). In the cases of Leucaena leucocephala and Gliricidia sepium 
sufficient material could be collected. Nodulation was rare with Flemingia 
macrophylla. 
5. Discussion 
5.7 Variation in nutrient composition 
The literature study (see Table 1) makes clear that the leaf biomass nutrient 
content in the three species varies considerably. Regional differences in the 
Table 6. The nitrogen content in 





the root nodules and adjacent fine roots for the three species 
N % in root nodules 
7.79 ± 1.18(8)* 
7.45 ± 0.59 (8) 
1.70 - 4.15 (2) 
N % in fine roots 
2.62 ± 0.34 (8) 
2.25 ± 0.33 (8) 
1.60 ± 0.25(6) 
* Between brackets the number of samples analysed. Each sample represents material from 
a single plant. 
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soil nutrient resources are probably the major factor behind differences in 
the leaf nutrient content. Jordan (1985; p. 55) has assembled evidence that 
tropical rainforest ecosystems differ widely in soil nutrient characteristics. 
For example, total soil nitrogen may range from as low as 785 kg ha-1 for 
a poor Venezuelan Amazon heath-forest up to 20,000 kg ha-1 in a rain-
forest covered soil with volcanic deposits in lowland Costa Rica. The 
differences in the figures for total phosphorus are even greater (36- against 
7,000 kg P ha"1). 
In general the literature reflects higher average figures for the nitrogen and 
potassium content than does the present study. This holds as well for 
calcium in the cases of Leucaena leucocephala and Gliricidia sepium; Tables 
1 and 4. 
The lower mean values found for potassium and calcium in this study are 
probably the result of low availability of the elements. Potassium is known 
to be the most limiting element in the soils where the trials were conducted 
[18]. 
In the specific case of nitrogen the relatively low foliar content is more 
difficult to explain. In general the element is not considered as being a 
primary limiting nutrient in the soils of the trial area [18]. Moreover, at least 
in the cases of Gliricidia sepium and Leucaena leucocephala there is evidence 
that bacteria are active in di-nitrogen fixation in the root systems. The root 
nodules in the two species show nitrogen contents over 7 percent with 
limited variation: Table 6. 
Root nodulation in Flemingia macrophylla is rarer than in the other two 
species and it is probable that the quantity of di-nitrogen actually fixed is 
low in Flemingia macrophylla. In older stands root nodules were much easier 
to be found in Gliricidia sepium and Leucaena leucocephala than was the case 
with Flemingia macrophylla. Table 4 shows however that the foliar nitrogen 
content in the latter species increases over time. 
Apart from regional differences in soil nutrient resources and specific 
di-nitrogen fixation patterns other factors potentially contribute to the 
variation observed; i) the management system adopted (cutting frequency, 
use of the biomass produced), ii) overall age of the plants, iii) sampling 
procedure, and possibly iv) climatic influences. 
Lower nutrient levels in this study are unlikely to result from depletion of 
soil resources as a function of the management system, since the leaf biomass 
was returned each time the biomass was cut [2]. It is probable that continual 
removal of the biomass produced would eventually lead to depletion of soil 
nutrient resources, resulting in lower levels of nutrients being available to 
plants. 
The data presented in Table 4 do not provide reasons to assume that 
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senescence of the plantations plays a role in decreasing nutrient contents. 
This was in any case anticipated in Gliricidia sepium and Leucaena leuco-
cephala, since both are trees that can easily reach 20 years of age. During the 
period of observation (in total c. 45 months) the shrub Flemingia macro-
phylla did not show signs of senescence. 
Nutrient content figures are likely to vary according to the part of the 
plant actually sampled. Complete shoots or prunings show lower nutrient 
levels compared to samples of foliar material only. Moreover, nutrient 
content -even on the same branch- varies significantly with the age of the 
leaves [19]. 
Seasonal changes contribute to the variation in foliar nutrient content. In 
the temperate zone particularly, temperature and precipitation are known to 
influence plant nutrient levels of trees [17]. Equatorial climates show limited 
temperature fluctuations, but rainfall varies significantly according to the 
seasons. However, within the limited period of observation of this study no 
correlations could be established between rainfall patterns and foliar 
nutrient content. 
In almost all cases there exist significant inter-specific differences in the 
nutrient content; Table 5. Gliricidia sepium generally has the highest levels 
of leaf nutrient content, followed by Leucaena leucocephala, while Flemingia 
macrophylla systematically has the lowest levels. The latter species is appar-
ently less demanding and may potentially perform better under situations of 
lower soil nutrient status than either Gliricidia sepium or Leucaena leuco-
cephala. 
Although Gliricidia sepium has higher levels of nutrients than Leucaena 
leucocephala (apart from nitrogen) the higher leaf dry matter productivity in 
the latter species ensures a higher annual yield of nutrients; Table 7. 
Leucaena leucocephala can therefore be considered as a better means to 
recycle nutrients. 
Table 4 reflects the changes in the level of some of the nutrients during the 
period of observation. Statistically speaking, these changes in all cases are 
highly significant. There is, however, no systematic pattern in the direction 
of these changes, neither within species nor between species. 
Increases, as they are found in the nitrogen content (Leucaena leuco-
cephala, Flemingia macrophylla), the phosphorus content (Gliricidia sepium) 
and the magnesium content (Leucaena leucocephala) could be explained as 
a result of an accumulation process: The nutrients are collected in the deeper 
soil strata and arrive (when the biomass is cut and put as mulch around the 
stem) in the upper soil layer where they are subsequently trapped by the 
living root system and used for regrowth. This is potentially an important 
aspect in the dynamics of alley-cropping and agroforestry systems in 
general. 
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Table 7. Estimated annual nutrient yields in the leaf biomass of the three 






























In the specific case of an increase in the foliar nitrogen level increasing 
numbers of root nodules active in di-nitrogen fixation could be responsible. 
Increases in nutrient levels are however neatly balanced by decreased 
levels; phosphorus and potassium {Flemingia macrophylla), and magnesium 
{Gliricidia sepium). The latter process is much harder to explain, partly 
because of the scattered and unsystematic nature of the phenomenon. Only 
in the case of potassium in Flemingia macrophylla does there exist a signifi-
cant (P < 0.025) negative relationship between leaf biomass productivity 
and the foliar potassium content. Apparently the species can increase its leaf 
biomass volume without potassium becoming a limiting factor, whereas the 
nutrient is known as scarce in the soils of the trial area [18]. This observation 
illustrates the general conclusion made earlier that Flemingia macrophylla is 
less demanding in terms of soil fertility. 
5.2. Leaf biomass as an agricultural resource 
In Table 7 the quantities of nutrients mobilised annually are estimated by 
using average productivity figures collected during 9 {Flemingia macro-
phylla, Leucaena leucocephala) and 8 {Gliricidia sepium) regrowth cycles of 
three months each [2]. 
As Table 7 shows the leaf biomass yields of the three species do contain 
significant quantities of plant nutrients. As such these perennials function as 
accumulators rather than producers of nutrients, with the possible exception 
of some of the nitrogen. 
Evidence brought together by Russell (1973) shows that the quantity of 
di-nitrogen actually fixed by bacteria is difficult to determine in the field and 
depends at least partly on the nitrogen content of the soil. Hence, on soils 
low in available nitrogen, bacteria in soybeans were found to fix substanti-
ally more nitrogen compared to fixation in the same crop on soils relatively 
rich in nitrogen [20; p. 381]. Since no information on the rate of di-nitrogen 
fixation is available for the plantations used in this study any estimate would 
be mere speculation. 
However, the conclusion is in all cases that the better part of the nutrients 
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in the leaf biomass originates from the nutrient pool in the soil, and that the 
value of the perennials lies in making the nutrients available for primary 
production purposes. 
It is difficult to actually determine the economic value of the biomass 
produced by the woody legumes. One suggestion is to assess the replacement 
value of the leaf biomass produced, in terms of fertiliser or feed concentrate. 
E.g., the nutrients accumulated in the annual leaf biomass yield of Leu-
caena leucocephala, Gliricidia sepium and Flemingia macrophylla (see Table 
7) represent respectively 485, 365 and 305 US $ per ha at 1987 prices in 
Abidjan-port (Ivory Coast) for ureum, triple super-phosphate, potassium 
chloride (60%) and dolomite4. 
The comparison drawn has its flaws, however. Within the context of a 
farming system the application of fertilisers is an addition to the system and 
not simply a recycling of existing nutrients. Even if part of an added amount 
of fertilisers is leached out of the rooting zone normally explored by annual 
crops, the soil is richer than before the application and the nutrients form 
part of a reserve for future use when other, more deeply rooting crops can 
profit from its presence. 
Secondly, the still unproven assumption here is that both sources of 
nutrients are equally efficient in terms of feeding a crop, and show similar 
rates of nutrient recovery. This is not necessarily true, and a comparative 
efficiency analysis (fertiliser v. mulch) is needed to determine the relative 
efficiency of mulches as source of plant nutrients. Such analysis is com-
plicated by the fact that biomass releases its nutrients at a slower rate than 
ordinary fertilisers. Since nutrient release in decomposing biomass is depen-
dent on rainfall, comparative trials must be repeated to include a rainfall 
range. 
Evaluation of the feed value of the sources of leaf biomass (e.g. com-
parison with industrially processed feed concentrates) is equally complex. 
Palatability and digestibility differ according to species and relative contri-
bution to feed mixtures, since, generally, leaf material from leguminous 
species is used as a feed supplement [5, 23]. In-vitro, Gliricidia sepium and 
Leucaena leucocephala are digested with equal ease [3, 5], but Flemingia 
macrophylla seems much less suitable as a supplementary source of feed [3; 
Table 3]. 
Whatever the use of the biomass may be, care should be given to the 
question where it is used. Table 7 shows that the three species have a notable 
potential to mine soil nutrient resources, while, like most of the oxisols in the 
humid tropics, the sandy sediments in littoral Ivory Coast contain little or 
no weatherable minerals, thus restricting nutrient reserves [18]. 
4
 1 US $ = 303.3 Fcfa = 2.06 Dfl on September 23rd 1987 
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Table 8. Annual export of nutrients in the leaf biomass of the leguminous species relative to 


























* nitrogen is not considered because in the case of the three leguminous species, part of it may 
be fixed, not having the soil as origin 
" data yam tubers; 20,000 kg ha"' fresh weight, DM 23.9%, P 0.14%, K 0.96%, Ca 0.05%, 
Mg 0.08% See: The effect of the application of the leaf mulch of Gliricidia sepium on early 
development, leaf nutrient content and tuber yield of Water Yam (Dioscorea alata). In press 
(this journal) 
c
 based on data of Table 7 
If biomass is systematically exported and used outside the land-use unit 
where it has been produced, tree leaf biomass productivity is likely to 
decrease and soil depletion imminent. 
In Table 8 the nutrient quantity removed annualy when the leaf biomass 
of the leguminous species is used elsewhere, is related to the quantity that 
leaves the field in the harvested part of a food crop. Yam (Dioscorea alata 
cv. Brazo fuerte) is presented as reference crop, at a yield level of 
20,000 kg ha-1 tubers, fresh weight. This food crop requires approximately 
12 months from planting to harvesting. 
Table 8 illustrates the fact that generally leaf biomass production requires 
considerably more nutrients per unit of dry matter compared to the produc-
tion of carbohydrates. Therefore, under circumstances of limited soil nu-
trient resources, crop and/or animal production systems involving legumin-
ous species should be based on recycling rather than permitting the export of 
nutrients. Alley-cropping maize with Leucaena leucocephala is a relevant 
example of such production system [12]. 
6. Conclusions 
As has been shown, there is a considerable variation in the nutrient content 
of the leaf biomass of the three species studied; Table 1 and 4. This makes 
evaluation of leaf biomass as an agricultural product or resource difficult 
without costly foliar analysis. Still, an attempt to evaluate leaf biomass in 
monetary terms is necessary if, for example, alley-cropping system models 
are to include economic parameters. 
The fundamental problem is that there are so many possible sources of 
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variation, apart from the inter-specific differences in productivity and nu-
trient content given in the Tables 4 and 7. 
Although variation in environmental conditions (e.g. soil nutrient 
content) will never be eliminated, the usefulness of data collection can be 
improved enormously when sampling procedures are standardised as far as 
possible, describing the exact parts and age of the material sampled. A 
summary on the climatic- and soil conditions, as well as the crop manage-
ment system applied, would be useful collateral information. 
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The decomposition of the leaf mulches of Leucaena 
leucocephala, Gliricidia septum and Flemingia macrophylla 
under humid tropical conditions 
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Abstract. The decomposition of the leaf mulches of Leucaena leucocephala, Gliricidia sepium 
and Flemingia macrophylla has been studied under field conditions. Mulch samples were 
analysed over a period of 70 days on carbon, nitrogen, phosphorus, potassium, calcium and 
magnesium left. Loss rates for the elements show similar patterns for the three mulches. Losses 
of mulch material are caused by decomposition as well as removal by soil-dwelling fauna 
(insects, arthropods, etc.) feeding on the mulch. 
Based on the data decomposition- and nutrient release functions are developed for the three 
mulches. These functions are useful in alley-cropping system analysis and models. 


























A mulch layer in a cropping system behaves in a similar fashion as litter 
layers found in natural ecosystems. The organic material gradually decays 
and partly becomes incorporated into the topsoil. In that process nutrients 
in the decomposing leaf mass are released and added to the nutrient stock 
in the upper strata of the soil. If the release is fast nutrients may become lost 
through leaching or volatilization (e.g. nitrogen in the form of ammonia). 
On the other hand if the rate of nutrient release is slow annual crops may 
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not be able to profit from the nutrients available in a mulch layer applied at 
the beginning of the cropping cycle. 
If no further additions take place the decomposition process in time 
results in less material, consequently diminishing the capacity of the layer to 
dampen soil temperature fluctuations, to prevent the germination of weed 
seeds, to limit soil erosion or to keep the soil from drying out. 
All aspects have some importance at some time in cropping system 
functioning. When the behaviour of a certain mulch material is known, 
mulching like any other cultural practice, can be optimised so to perform 
beneficial functions at critical stages in the life-cycle of crops. 
Whatever the reasons are behind mulch application it will be clear that 
knowledge on the rate of decomposition of the material is needed. The 
resistance of an organic material against decomposition, or its persistency, 
is a function of many factors. First of all there is an intrinsic factor, the 
specific properties of the biomass involved. Since decomposition can be seen 
as digestion of a food stock by a host of meso- and micro-organisms, the 
differences in decomposition rates in various materials are related to the 
quality of the mulch as food. High protein, high-nutrient and low-fiber 
material is obviously more attractive as a substrate and easier to digest than 
low-protein and fibrous material such as straw. 
Apart from the material-specific aspects there are environmental factors 
at work that co-determine decomposition. Field studies [8,9,10] suggest that 
decomposition rates in the tropics are generally higher compared to rates 
found under temperate circumstances. The optimum situation for fast de-
composition is where high average temperatures are found together with a 
continuous moisture supply. It follows that decomposition rates are highest 
in the continually humid lowland tropics [10]. 
This paper describes the results of a decomposition trial including the leaf 
mulches of Leucaena leucocephala, Gliricidia sepium and Flemingia macro-
phylla. The three woody perennials are studied in a role as live support 
systems in yam (Dioscorea alata) cultivation. 
In the study a sub-set of questions relates to the application of the biomass 
produced by the shrubs as a mulch, useful in weed control, soil moisture 
conservation and soil fertility maintenance. An appreciation of the mulches 
in those respects requires knowledge of the decomposition characteristics of 
the materials. 
2. Location and climate 
The decomposition trial was conducted on the experimental farm of the 
ORSTOM research station at Adiopodoumé, near Abidjan, Ivory Coast, at 
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5° 19' N., and 4° 13' W. The site is located in the coastal belt, where we find 
a humid tropical lowland climate. The mean temperature is 26.2° Celsius. 
The average maximum temperature is 30.0, and the minimum temperature 
22.4 °C. 
There are two distinct rainy seasons. The main season falls in the months 
May to July, with a minor season in October to November. June is the 
wettest month when precipitation reaches its climax with an average of 
698 mm. The yearly average rainfall over a period of observation of 30 years 
amounts to 2131 mm, with a maximum of 3030 mm, and a minimum of 
1620 mm [12]. Maximum air humidity normally is 80%, with a peak of 90% 
during the rainy season. The daily évapotranspiration ranges from 2.5 mm 
(June to September) to 4.1 mm (February to March). 
The decomposition data to be presented come from an experiment that 
ran during the first part of the long rain season. During the period of 
observation a total of 442 mm rainfall was recorded, or an average of 6.3 mm 
per day. With an average daily évapotranspiration of 2.8 mm the trial was 
conducted under a wet regime. Data were provided by the department of 
bioclimatology of the ORSTOM Research Station, Adiopodoumé. 
For a review on soil aspects see reference 3. 
3. Material and methods 
Seeds from Leucaena leucocephala (Lam.) de Wit were collected from the 
'Hawaiian' type locally found in roadside vegetations. Seeds from Flemingia 
macrophylla (Willd.) Merr. and cuttings from Gliricidia sepium (Jacq.) Walp. 
were acquired from the Coffee and Cacao Research Institute (IRCC) at 
Divo, Central South Ivory Coast, where both plant species are used as shade 
and cover crops. The mulch used in the decomposition experiment came from 
productivity trials involving the three species [3]. 
The data concerning the decomposition of the leaf1 mulches come from an 
experiment in which 15 batches of fresh leaf mulch material per species were 
left to decompose. The trial was located in an open area, without shade. 
Before implementation of the experiment the soil was superficially hoed and 
raked. The trial area was kept free of weeds during the period of observa-
tion. The batches of fresh mulch, each containing the equivalent of 100 g dry 
matter, were spread out in wooden square frames, that measured 
50 x 50cm. The frames were 13 cm high, and slightly pressed into the soil. 
The construction prevented unwanted removal of mulch material by wind 
or water. 
1
 A "leaf is defined as the complete compound leaf (including pulvinus. petiolus, rhachis and 
foliota) 
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Table 1. Analysis schedule of the mulch samples for each of the three species 
Moment of 
sampling 














































 From each of the mulches one sample accidentally was lost. 
The frames thus installed in the open field, allowed direct contact of the 
mulch with soil and air. No fabrics were used, so to give larger decomposers 
such as soil-dwelling insects and arthropods unhampered access. 
Per sampling date per species the mulch from three frames was carefully 
collected, dried at 105 °C and analysed on the carbon content. For reasons 
of economy only the sample that came closest in weight to the average of the 
three of a series was further analysed for its nitrogen-, phosphorus-, potass-
ium-, calcium-, and magnesium content. 
The obvious disadvantage of the method followed is the considerable 
amount of time needed to collect the finer fraction of the mulch during 
sampling. This is particularly true for Leucaena leucocephala with its small 
leaflets. Moreover, contamination of the mulch material by soil particles 
takes place asking for time-consuming manipulation to separate the mulch 
material from soil particles. 
The entire experiment took 70 days to complete. Sampling was done every 
fortnight. Including the initial analysis of the fresh material six series were 
analysed, distributed as follows in time; Table 1. 
All analyses in Table 1 were done at the ORSTOM Central analysis 
laboratory, using the standard methods adopted there [1]. For a summary 
on methods applied see reference 4. 
A computer programme with curve-fitting capability was used to process 
the nutrient content data. Invariably, of the possible curves the exponential 
function showed the lowest residual value, and consequently the highest r2. 
As a measure of the 'goodness of fit' of the actual data and the curve fitted 
the r2 values are presented in the 3rd column of Table 2. Knowing the value 
of r, Student's t-test can be used [16:p. 184] to establish the level of statistical 
significance of the fitting; Table 2, 4th column. 
On request of the author in-vitro digestibility tests on the three leaf 
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mulches were undertaken by the Institute f or Lifestock feeding and Nutrition 
Research at Lelystad, The Netherlands. 
4. Results 
The equation that can successfully be fitted to data concerning the dis-
appearance from a mulch layer of organic material or its components is 
based on the empirical exponential decomposition constant k [5,6,7,11,13]; 
Y(0 = Y(o)*e- eq. < 1 > 
in which Y(o) is the original amount of material applied and Y(f) the 
amount left after a period of time t. If time / is given in days k is expressed 
in day-1. In the equation e is the base of the natural logarithm (e = 2.718). 
Table 2. Loss patterns of carbon and the major nutrients from the mulches of Glihcidia sepium, 
Leucaena leucocephala and Flemingia macrophylla (mulch applied at a rate of 




























































































P < 0.001 
P < 0.001 
P < 0.001 
P < 0.001 
P < 0.001 
P < 0.025 
P < 0.001 
P < 0.010 
P < 0.001 
P < 0.001 
P < 0.001 
P < 0.050 
P < 0.001 
P < 0.001 
P < 0.001 
P < 0.001 
P < 0.001 
P < 0.001 
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Table 3. Dry matter contents3 and in-vitro digestibility4 of the leaf material of the selected 
mulch types 
species dry matter (%) and in-vitro digestibility of 
standard deviation organic matter (%) 
Gliricidia sepium 21.9 ± 0.74 64.2 
Leucaena leucocephala 26.5 ± 0.71 64.8 
Flemingia macrophylla 28.3 ± 0.25 31.0 
3
 See reference 4. 
4
 percentage of the organic matter digested after treatment with buffered rumen fluid followed 
by a treatment with pepsinhydrochloric acid 
A shortcoming of equation < 1 > is that there are no terms that account 
for temperature and humidity as factors of influence on the rate of decom-
position. Information on the life-span of mulch-layers probably is highly 
site-specific. For that reason a precise description of the climatological 
circumstances under which the trials took place is important to include in 
reporting (see 'Location and climates-
Fitting the data on the nutrient losses from the samples to eq. < 1 > gives 
excellent 'goodness of fit' and consequent statistical significance of the 
fitting; Table 2 (3rd and 4th columns). 
Carbon makes up the bulk (slightly less than 50%) of the elements present 
in the dry leaf biomass, and its 'half-life' value can be applied as a general 
indicator of the persistence of a mulch material. The 'half-life' value, the 
time it takes to lose half of the material or half of the amount of a certain 
nutrient from a mulch layer, can be calculated by setting Y(f)/Y(o) = 0.5, 
using the relevant value for parameter k from Table 2 (2nd column). 
As Table 2 shows the mulches are short-lived, except for the mulch of 
Flemingia macrophylla. The difference in persistence found in the three 
mulches is only partly explained by the higher dry matter content in F. 
macrophylla leaves; Table 3. More telling is the slow decomposition under 
circumstances of in-vitro digestion, suggesting the possible presence of a 
high percentage of lignin in the leaves of Flemingia macrophylla. 
5. Discussion 
JANSSEN [5, 6, 7], discussing the decomposition of organic matter in soils 
in general, shows that over longer periods of time (in the order of years) the 
speed - expressed as the 'relative decomposition rate' k - at which organic 
materials decompose decreases. 
8 4 WOODY SPECIES IN AUXILIARY ROLES 
Here, for practical purposes (see eq. 2) and in view of the fact that mulch 
layers have functional life-spans measured in weeks rather than years, 
decomposition rates are assessed using the simple fitting procedure 
previously presented with a constant average value for k; eq. < 1 > and 
Table 2. 
A more fundamental reason to refrain from using JANSSEN's model is 
that his formula is based on the loss of carbon in the form of C02 ('dissimila-
tion') only, whereas it is likely that the observed loss of mulch material 
partly must be attributed to soil-dwelling fauna that feeds on the mulch. In 
that case decomposition may take place outside the mulch layer as the unit 
of observation, for example in the soil directly underneath the mulch layer. 
Application of JANSSEN's model to explain losses in mulch layers would 
then result into a possible over-estimation of the actual rate of dissimilation, 
distorting the derived parameter in his single-parameter model [5,6,7]. 
The argument gains weight when comparing the relative loss rates of the 
individual elements from the mulch material. 
It is generally accepted that nitrogen and phosphorus are mineralised at 
a slower pace than carbon when the ratio between C/N and C/P in a given 
substrate exceeds a certain critical value. In that case a relative scarcity of 
N and P occurs, and micro-organisms tend to immobilise both elements for 
use in their own metabolism. Under those circumstances the process of 
decomposition of organic matter by micro-organisms competes with plant 
growth for the limited amount of nitrogen and phosphorus available. 
In the case of the C/N ratio the accepted critical value is about 10. Values 
higher than 12 to 13 indicate a shortage of nitrogen [5: p. 174]. Table 4 shows 
that the C/N ratio belonging to the mulch types in all cases exceeds the 
critical value of 10. The high C/N ratio found for Flemingia macrophylla is 
probably a factor explaining the persistency observed. 
However, when comparing the data on the losses of nitrogen in Table 2, 
at least in the cases of Flemingia macrophylla and Gliricidia sepium nitrogen 
is lost at the same speed as is found for carbon. 
The critical upper value for the C/P ratio is less well defined, but immobil-
isation of phosphorus is known to start at C/P values > 100 [5:p. 187]. 
In all three cases however phosphorus is lost at a faster rate than carbon; 
Table 2. 
As suggested earlier the likely explanation of this paradox is that losses 
occur via soil-dwelling fauna feeding on the mulch and transporting impor-
tant parts thereof. Preferential feeding (the juicier cell-mass rather than the 
leaf-nerves) then explains the relatively rapid loss of nitrogen and phos-
phorus as compared to carbon, since both elements are relatively under-
presented in leaf-nerf material as compared to carbon. 
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Table 4. The carbon/nitrogen and carbon/phosphorus ratio of the three mulches (based on 
un-decomposed dry matter) 
species C/N C/P 
Flemingia macrophylla 21.0 214.5 
Leucaena leucocephala 12.1 202.1 
Gliricidia sepium 12.1 179.2 
For mulch layers it can therefore be concluded that the decomposition 
constant from eq. < 1 > catches at least two different processes; losses 
through true dissimilation and secondly losses through transport by animal 
life from the mulch layer: k<cqA> = fcdiss + klnm. 
Hence, the decomposition of a mulch layer should not be uncritically 
considered as the very beginning of decomposition of organic matter in the 
soil in general using a single model to describe all stages. 
Within the broader context of a mulched crop however the nitrogen and 
phosphorus removed from the mulch through transport can be considered 
as being released from the mulch into the environment. The role of the fauna 
in that respect is that of an intermediate agent that helps in making nutrients 
available for plant growth5. 
Table 2 shows that the patterns of cat-ion release are similar for the three 
mulch materials studied; potassium is lost rapidly, while calcium tends to 
stay behind in the decomposing leaf-mass. As in the case of nitrogen and 
phosphorus here as well fauna is at work helping to release the cat-ions into 
the environment. The differences in half-life values found in the group of 
elements analysed are however explained when looking at the role the 
individual elements play in the chemistry of plant tissues [15]. 
Potassium and magnesium are relatively rapidly lost. Potassium is present 
as a cat-ion freely moving in the cell fluid, taking part in the synthesis of 
amino-acids and proteins. When cell membranes desintegrate potassium is 
easily washed out from the organic material. It is well-known that potassium 
is also leached from living leaves [10]. 
Magnesium is as well present as a free cat-ion and released in a similar 
fashion as potassium. Part of the magnesium however is a constituent of 
complex molecular structures (for example chlorophyll and pectins) and 
therefore probably somewhat slower to move from the decomposing leaf 
material. 
The slow loss rate of calcium is less easily understood. In general, in the 
plant the nutrient is not very mobile and tends to lag behind in senescent 
5
 Obviously, part of the nitrogen and phosphorus is (temporarily) immobilised in the tissues 
of the fauna involved. Ultimately however, the nutrients will be mineralised via waste-
products of foodchains (faeces, excretion) and decomposition of dead bodies 
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days a f t e r appl i ra l ion 
Fig. I. The decomposition of the mulches of Leucaena leucocephala, Flemingia macrophylla 
and Gliricidia septum (note to Figure 1: Decomposition curves are based on information 
presented in Table 5). 
leaves. It is present in the form of Ca-pectate in the middle lamellae of the 
cellwall. Another possibility is that calcium is stored in the form of Ca-
oxalate crystals. These concentrations may result in greater variations in the 
calcium content in the samples explaining the lower quality of the fitting of 
the calcium loss data as compared to the other elements; Table 2. 
Application of the decomposition function 
Knowledge on the properties of a mulch material, and especially its persis-
tency is relevant in relation to its capacity to control weed development and 
to influence moisture and temperature gradients in the soil/air interface. 
Using the carbon loss rates or half-life values from Table 2 it can be 
concluded that, relative to the data for Leucaena leucocephala, the mulch of 
Flemingia macrophylla has a 'persistency factor' of 1.75. For the mulch of 
Gliricidia sepium the factor is 0.71. 
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Table S. Quarterly leaf biomass productivity of the three species (see Figure 1) and potassium 





Average leaf biomass 
productivity6 





 See ref. [3], at 10,000 plants ha"1 
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The data concur with observations from other decomposition studies. 
From evidence presented by READ et al (1985) one can conclude that the 
half-life value of fresh Leucaena leucocephala prunings is not much longer 
than three weeks. YAMOAH et al (1986) found that the mulch of Gliricidia 
sepium disappeared completely within 120 days. In the same trial, during the 
same period of observation, Flemingia macrophylla prunings lost 73% of the 
original amount of dry matter applied. 
The loss of material from the mulches is illustrated in Figure 1. In order 
to put the usefulness of the mulches into a broader perspective decom-
position is related to the actual leaf biomass productivity figures found for 
the three species [3]. 
The average leaf biomass productivity of Gliricidia sepium is relatively 
low, and combined with the lowest 'half-life' value (Table 2; figure for 
carbon) of the three mulches, its value in soil protection or weed control is 
limited; Figure 1. 
Although from the point of view of productivity Leucaena leucocephala 
scores higher than Flemingia macrophylla (Table 5), the mulch of the latter 
species, given its greater persistence, will provide a more durable cover on 
the longer term; Figure 1. This difference in persistence partly explains the 
reasons behind the success of the mulch of Flemingia macrophylla in weed 
control [2]. 
Apart from the role of the mulches as layers that influence exchanges in 
physical processes (heat- and water transport, light) a mulch, in time, exerts 
an influence on the fertility of the soil. Plant nutrients gradually are freed 
during the decomposition process and become available for crop produc-
tion. In that perspective a mulch functions analogously to a so-called slow 
release fertilizer. 
The decomposition equation presented earlier can easily be inverted to 
obtain the nutrient release function: 
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K from Gl i ri c idia 
K from Flemingia 
50 60 
days after applicati< 
Fig. 2. The release of potassium from the mulches of Leucaena leucocephala, Flemingia 
macrophylla and Gliricidia sepium (note to Figure 2: release patterns based on information 
presented in Table 5) 
R(t) = (D * P) * (1 - e"*) eq. <2> 
in which R(t) represents the amount of a specific nutrient released in kg ha-1 
after a certain period of time (J in days), D is the mulch dry matter quantity 
initially applied in kg ha-1, P is the presence of the nutrient in the mulch 
material as a fraction. The value e = 2.718, and for k, now the release 
constant, the relevant values of Table 2 can be adopted. 
As an example of the use of eq. < 2 > we selected the element potassium. 
In Figure 2 the release patterns for potassium have been analysed. Here as 
well the graphs are based on actual information, in this case the estimated 
quantity of potassium in the quarterly leaf biomass yield for each of the 
three species; Table 5. 
With information on the nutrient content of the leaf mulches available [4] 
the release patterns of the other major elements can be evaluated as well. 
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6. Conclusions 
Decomposition trials provide useful insights in certain properties of woody 
species. The Figures 1 and 2 effectively demand a clarification of manage-
ment priorities: "Do you need tree species efficient in accumulating potass-
ium since you are searching for alley-cropping species for potassium-poor 
environments, or, is lasting soilcover for water conservation the issue be-
cause of unreliable rainfall?" In the first case Leucaena leucocephala and 
Gliricidia sepium will be obvious candidates, in the latter situation Flemingia 
macrophylla is more likely to succeed. 
Whatever is the case, acquiring knowledge on the decomposition charac-
teristics of the leaf biomass will be part of any systematic approach to an 
inventory and subsequent screening of species for use in alley-cropping 
systems. 
Such approach will gain in efficiency if a standard methodology is adop-
ted. Considerations in this respect are to include a detailed description of 
climatic conditions during trials, particularly information on rainfall and 
temperature. 
Secondly, the methodology applied in decomposition studies should be 
evaluated. Objections can be made to results of decomposition studies in 
which prunings are sealed in bags made of nylon mesh, and left to decom-
pose [17]. This method excludes a whole range of decomposing agents, such 
as larger insect species. Moreover, the use of bags shields mulch layers from 
the direct, destructive impact of raindrops during heavy showers. As the 
data in this study show soil-dwelling fauna potentially is a factor explaining 
loss patterns in mulch layers. 
A third suggestion is to adopt a certain mulch type, for example that of 
Leucaena leucocephala, as a standard to interpret the results of comparative 
mulch decomposition studies. Such procedure is for example accepted in 
animal feed digestibility studies, and would be of help in comparing results 
from different sites and materials. 
Eventually, alley-cropping studies will enter the field of modelling. It is 
simply inconceivable that the large bodies of data that now start to flow 
from inventories can be handled without the help of computer models. One 
future objective will be to simulate alley-cropping systems in order to predict 
and optimise their relative efficiency. In the complex exercise of grasping the 
dynamics of alley-cropping systems, decomposition- and nutrient release 
rates of mulches will be found as simple but essential parameters in models. 
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The performance of the leaf mulches of Leucaena 
leucocephala, Flemingia macrophylla and Gliricidia septum 
in weed control* 
ARNOUD BUDELMAN 
Centre Néerlandais, B.P. V51, Abidjan, Ivory Coast 
Key words: Leucaena leucocephala, Gliricidia sepium, Flemingia macrophylla, leaf mulches, 
weed control 
Abstract. The performance of the leaf mulches of Leucaena leucocephala, Gliricidia sepium and 
Flemingia macrophylla in weed control has been tested in two trials. The length of the period 
during which a mulch layer yields significantly less weedbiomass compared to the control plots 
is called the 'effective life-span' of the mulch. 
Of the three mulch materials only that of F. macrophylla shows promise in retarding weed 
development. 
In the second trial F. macrophylla leaf mulch was applied at rates of 3, 6 and 9 tons dry 
matter per ha. The effective lifespan of a mulch layer of 3 tons is between 12 and 13 weeks. 
The treatments 6 and 9 tons have effective life-spans of over 14 weeks. 
For moderate quantities (up to 5 tons of dry leaf mulch per ha) the effective life-span is 
estimated at about a 100 days. 
The value of mulching in weed control is limited to the control of weed species that multiply 
by seed. Regrowth originating from roots or stumps from former vegetation is unlikely to be 
checked by a mulch layer. 
Introduction 
In the past few years, the interest of the scientific community in leguminous 
shrubs and trees capable of fixing nitrogen has grown significantly. One 
explanation is the increasing awareness that nitrogen fertilisers have become 
prohibitively expensive, particularly in the context of food crop cultivation. 
Moreover, in many parts of Africa delivery systems for farming inputs are 
ineffective or simply non-existent. 
Besides being valuable as a cheap and accessible source of nitrogen, the 
shrubs and trees, when selected correctly, have other purposes as well when 
integrated in cropping systems. 
* The subject of this paper is part of a broader study, presently conducted in Southern Ivory 
Coast, on the production, agronomical value and use in alley-cropping systems of the species 
mentioned in the title of the paper. A final report is scheduled for publication in 1988. 
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Three woody leguminous species are currently studied as living support 
systems for yam cultivation; Gliricidia sepium, Leucaena leucocephala and 
Flemingia macrophylla (syn. F. congesta) [6]. 
Of the species in observation G. sepium is used by farmers in Western 
Nigeria in the role as support for yam plants [1,8] and is found as a planted 
fallow [8, 13]. In the latter function the tree is known to be effective against 
invading Speargrass (Imperata cylindrica) [2, 8]. A further development is 
the design of integrated cropping systems matching trees and annual crops 
such as alley-cropping [11]. 
All three species are accepted by ruminants as fodder, either in cut-and-
carry feeding systems, or as plants suitable for dry season browsing [4,7,16]. 
The latest perspective is to link crop and livestock production in systems 
centered around the use of multi-purpose trees and shrubs [16]. Such mixed 
production systems may eventually become part of a strategy to replace 
shifting cultivation practices. 
Both Gliricidia and Flemingia have been used to provide shade in coffee 
and cocoa research in francophone Africa [5,17], while F. macrophylla once 
was tested in a screening of cover crops suitable in rubber plantations in 
Ghana [3]. 
However, apart from Leucaena leucocephala [11, IS] few detailed studies 
exist on the agronomical value of the species in systems including annual 
food crops. 
One of the possible functions of perennials in cultivation systems is to 
regularly apply the biomass produced as a mulch layer in order to control 
weed growth. For that purpose the leaf mulch must have a certain persis-
tence. Especially when high rainfall is combined with high temperatures, the 
decomposition of organic material is accelerated, and, consequently, the 
effective life of the mulches is shortened. 
In literature most of the studies refer to the effects of mulches on soil 
temperature and moisture content [cf. 12] or on the soil fertility status [cf. 
15, 18]. Only a few studies exist that provide factual information on the 
effects of mulch on the development of weeds [9, 19]. 
This paper describes the results from two trials comparing the leaf mul-
ches of Leucaena leucocephala, Flemingia macrophylla and Gliricidia sepium 
for their effectiveness to reduce weed growth. 
Site of the trials, materials and methods 
The trials were conducted on the experimental farm on the ORSTOM 
research station near Abidjan, Ivory coast. The farm is located on a well-
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drained sandy soil (clay content < 15%; pH 4.7; CEC 3-5 Meq.; strongly 
desaturated, typically < 15%). 
The annual rainfall is about 2,000 mm. The trials were carried out during 
the long rains season. In the period the average daily rainfall exceeded the 
évapotranspiration. The results as a consequence must be considered as 
reflecting a wet regime situation. 
Seeds from Leucaena leucocephala were collected from the 'Hawaiian' 
type locally found in roadside vegetations. Seeds from Flemingia ma-
crophylla and cuttings from Gliricidia sepium were acquired from the 'In-
stitut de Recherche du caféier et du Cacao' at Divo, Central-South Ivory 
Coast, where both plant species are used as cover crops and shade trees. 
The mulch used in the weed control trials came from productivity trials 
involving all three species. At the time when the first trial took place the 
plantations were two years old. In the second trial the material came from 
a F. macrophylla plantation aged three years. 
Before the mulch was placed in the field, the trial area was completely 
clean-weeded. Although the trial was situated on a flat soil, the mulch layers 
were secured against eventual run-off using bamboo frames that marked the 
experimental units of 2 by 2 m (first trial) or 2 by 3 m (second trial). The 
mulch application rates were 5 ton dry material for each of the species in the 
first trial, and 3,6, and 9 ton dry matter off. macrophylla during the second 
trial. 
The dry matter contents, half-life values and leaf surface to weight ratios 
of the leaf mulches are given in Table 1. 
In the first trial a Latin Square was used as experimental design. This 
design was chosen with the aim to control variation in individual weed 
species emergence in two directions. Samples taken measured 50 x 50 cm. 
Since weed emergence at the species level was heterogenous and often 
patchy, the original Latin Square design was abandoned in favour of a 
Table 1. Dry matter content, decomposition and leaf surface to weight ratio of the leaf mulch 
materials used (note: the 'half-life' value represents the number of days to reach a 50% loss 
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Randomised Block design, with sampling squares that measured 
71 x 71cm. 
Per sampling date one sample was taken from each of the experimental 
units. Both trial designs included four replications. 
Results and discussion 
In Figure 1 the results of the first trial are given. It is evident that L. 
leucocephala is practically without value when its mulch is applied for 
reasons of weed control. Almost all weed biomass-values observed in the L. 
leucocephala-coxered plots fall within the limits of non-significant differen-
ces. Better results are obtained with G. sepium and F. macrophylla. The latter 
is certainly able to suppress weed growth to a considerable extent. 
From Figure 1 and Table 1 it can be concluded that the differences in 
behaviour of the mulches of G. sepium, F. macrophylla and L. leucocephala 
L.S.D. 
Fig. 1. The effect of the mulches of Gliricidia sepium, Flemingia macrophylla and Leucaena 
leucocephala on the development of the weed biomass as compared to the weed biomass 
collected on an un-mulched soil (note: the area in Fig. 1 within the dotted lines represents the 
weed biomass quantities that do not significantly differ from the weed biomass found on the 
un-treated experimental units) 
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regarding weed suppression can not be attributed to mere differences in the 
dry matter content or the area to weight ratio of the leaves. Generally 
speaking, leaves with a low area to weight ratio are relatively resistant to 
decay [10]. 
An explanation for the differences observed is more likely to be found in 
the 'morphology' of the mulch layers once dried. In the case of L. leucoce-
phala the compound leaf consists of many very small leaflets (0.7 to 1.0 cm), 
which almost immediately fall from the rachis when drying starts. The 
structure of the mulch layer that results resembles strongly that of a collec-
tion of dried tea leaves. Unprotected, L. leucocephala mulch is easily blown 
away, or transported by surface run-off. 
In contrast F. macrophylla has large leaflets, of 10 to 20 cm long, that stay 
firmly attached to the petiole. The leaflets have a strong tendency to curl 
when drying, creating a relatively voluminous, coherent layer in which 
considerable quantities of air can be trapped. 
The structure of the mulch layer also explains the differences found in the 
decomposition rates; see Table 1. The compact structure of the mulch layer 
of L. leucocephala has more contact with the soil underneath, compared to 
the loosely packed F. macrophylla mulch. 
G. sepium takes a position in between; Figure 1. However, considering the 
quick decomposition of the leaf material shown in Table 1, the value of its 
mulch in weed control will be limited. This conclusion is supported by the 
results from field studies conducted at IITA, where G. sepium prunings were 
found to have completely vanished within a period of 120 days [19]. 
The resistance against decomposition of the mulch of F. macrophylla as 
compared to the other mulch materials can further be explained when taking 
a look at the level of its chemical composition. F. macrophylla leaves, subject 
to an in-vitro digestibility test, were found to decompose twice as slow as the 
leaves of the other two species involved [6]. This suggests that the percentage 
of dry matter is less important than its quality. A likely interpretation is that 
F. macrophylla leaves contain a relatively high proportion of lignins, a 
chemical substance known to break down slowly. 
Based on the results of the first trial series the mulch of/7, macrophylla was 
selected for further testing. In the second trial increasing quantities of mulch 
were applied, respectively at the rate of 3, 6 and 9 tons leaf dry matter per 
ha. 
Figure 2 shows that all three treatments have a marked effect on the 
development of weed growth. Even in the case of the lowest amount of 3 
tons dry leaf matter per ha applied, weed biomass development is signifi-
cantly retarded. The effective life-span ( = the period during which the weed 
biomass collected from a mulched plot differs significantly from that harves-
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weed biomaaa 
per sample 
(g DM/0.50 m2) 
200 • 
L.S.D. 
6 tons flemlnala mulch 
9 tons flemingla mulch 
Fig. 2. The effect of increasing quantities of mulch of Flemingia macrophylla on the develop-
ment of the weed biomass as compared to the weed biomass collected on an un-mulched soil 
(note: the area in Fig. 2 within the dotted lines represents the weed biomass quantities that do 
not significantly differ from the weed biomass found on the un-treated experimental units) 
ted from the untreated plots) of a mulch layer of 3 ton is between 12 and 13 
weeks, or the time it takes a maize crop to mature. 
The higher application rates show longer effective life-spans simply as a 
result of the larger amounts of material. 
However, a F. macrophylla mulch layer loses its effectiveness when re-
gularly trod on, especially when the material is not wetted by rains. Drying 
out causes the material to become brittle, after which it disintegrates easily. 
In Table 2 the most important weed species present in the early regrowth 
stage after clean-weeding are listed. 
It should be emphasised that all the weed species enumerated in Table 2 
are annuals, reproduced from seeds. Cyperus rotundas is the sole exception, 
since this species is propagated by small, connected tubers. In the latter case 
as well, the young plants that emerge are notably hindered in their develop-
ment by the mulch layer. 
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Table 2. Weed species present during the second trial 
(notes: — species represented with less than S individuals in the entire trial are not listed, 
— frequent = more than five individuals, but not present in all of a series of samples 
taken, 
— dominant = species present in all of a series of samples) 
Species 
Cyperus rotundus L. 
Mariscus alternifolius Vahl 
Eleusine indica (L.) Gaertn. 
Eragrostis ciliaris (L.) R.Br. 
Ageratum conyzoides L. 
Borrelia latifolia (Aubl.) 
K Schum. 
Oldenlandia corymbosa L. 
Mollugo cerviana (L.) Ser. 
Mollugo nudicaulis Lam. 
Celosia trigyna L. 




















frequent, early stage 
dominant, early stage 
frequent, early stage 
frequent, later stage 
frequent, later stage 
There is however no doubt that leaf mulches are ineffective against growth 
of root and stump suckers of trees and shrubs left in the ground after cutting 
a vegetation, since these can easily penetrate a layer of loosely packed 
organic matter. 
In the case of annual weed species the mechanism basic to the success of 
the leaf mulch is either prevention of germination (in cases where light acts 
as a trigger in the germination process), or stunting the early development 
of the small seedlings. 
Allelopathy is a third potential factor that may explain the role of mulches 
in retarding weed development. However, data presented here do not war-
rant conclusions in that direction. 
Conclusion 
Of the three leaf mulches tested only F. meterophylla shows promise when it 
comes to retarding weed development. The slow decomposition of pruned 
material [6,19] and its relatively easy control as an alley- or covercrop makes 
the species of interest in a variety of cropping systems. In rubber plantations 
in Ghana the number of weeding rounds could be reduced from six to two 
times a year using F. macrophylla as a covercrop [3]. As a covercrop and 
regularly cut applied as mulch F. macrophylla considerably reduced weed 
infestation in coffee plantations [17]. 
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Neither G, sepium nor L. leucocephala are suitable in a role in weed-
control, since both simply decompose too fast to have a significant, lasting 
effect [6, 14, 19]. 
The data presented show that the success of mulches in weedcontrol 
depends at least partly on intrinsic, or material-specific factors, such as its 
behaviour when drying and the chemical composition of its dry matter. 
Flemingia macrophylla is an example of a source of material that combines 
a notable durability with a favourable ratio between volume and weight. 
Compared to other sources [9] one needs relatively small quantities to 
achieve complete soil cover. 
It is likely that other factors can be mobilized as well that improve effect 
and/or durability of mulches. In that respect one can think of material with 
allelopathic properties, material high in tannin content, or to test plant 
species with sclerophyllous leaves, such as Ficus benjamina, that are tough 
and resistant to decay during the first stage of decomposition. 
The suggestion here is to make an inventory of plant species that have one 
or more of the properties mentioned and to see whether these species can be 
integrated to serve in low external input cropping systems. 
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The performance of selected leaf mulches in temperature 
reduction and moisture conservation in the upper soil stratum 
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Abstract. This paper reports on the effect of the leaf mulches of Leucaena leucocephala, 
Gliricidia sepium and Flemingia macrophylla on moisture content and temperature in the first 
S cm of the soil. The mulches were applied at a standard quantity of 5,000 kg ha-1 DM. 
In order to characterise a mulch material two parameters are distinguished; the initial 
impact (I) and the effective lifetime (TJ of a mulch material. / is expressed in terms of 
percentage surplus moisture or degrees Celsius average temperature reduction. T quantifies 
the duration of the effect. Of the three mulch materials that of Flemingia macrophylla performs 
best in terms of moisture retention and lowering soil temperatures as well as in terms of 
longevity of the effect. Leucaena leucocephala mulch shows the smallest impact, over the 
shortest period. 
1. Introduction 
Appropriate definitions of a mulch have been given by Mellaart [1975] and 
Stigter [1984]. In recent years scientific interest in mulching as a low-cost 
technique for use in smallholding cultivation in the tropics has returned. 
One reason is that it becomes increasingly clear from research that mulches 
promise a range of potential benefits in tropical cropping systems; erosion-
and weed control, soil moisture conservation, soil temperature management 
and addition of nutrients. None of these benefits is particularly spectacular 
in terms of its effect on crop yield, but combined they provide ecologically 
more sound conditions for crop growth. 
A second reason explaining the growing interest among scientists con-
cerned with tropical cropping system development is that mulching requires 
no other inputs than land to grow and labour to collect mulch material. In 
regions with a poorly developed infrastructure, mulching, as part of a 
so-called low external input agricultural technology-package [cf. Sanchez & 
Salinas, 1981], may provide farmers with accessible, economically viable and 
ecologically sustainable alternatives to shifting cultivation. 
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Literature shows that factual knowledge on the use and effects of mulches 
is available [2, 5, 6, 7, 14, 15], but understanding remains incomplete. 
Information on the rate of decomposition of organic mulches, for example, 
is scarce [3, 9], while this particular aspect is important since it determines 
e.g. the release of nutrients from the material and the effective life-time. 
This paper quantifies the effect of the leaf mulches of Leucaena leucoce-
phala, Gliricidia sepium and Flemingia macrophylla on moisture and tem-
perature in a sandy, well-drained ferralitic soil in Ivory coast [1]. The study 
is a follow-up of earlier papers on the performance of the mulches in weed 
control [2], the nutrient composition [4] and on the decomposition charac-
teristics of the leaf materials [3]. 
In the tropics mulching is a well-suited technique to lowering average soil 
temperatures and to conserving water. Both aspects are particularly impor-
tant in the early stages of crop growth; drought may cause the death of 
seedlings, while excessively high temperatures result in low emergence rates, 
stunted shoot- and insufficient root development [6]. From these observa-
tions it can be concluded that knowledge on the impact of a certain mulch 
material at a given time in a cropping cycle is most relevant if mulches are 
impact 
* °C temperature reduct ion or 
% soil moisture excess 
l i fe- t ime (T) 
Fig. I. Behaviour of mulches as a function of material-specific factors (simplified presenta-
tion). 
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expected to alleviate such problems. It is likely that mulch materials will 
differ in their impact (I) as a function of material-specific properties. The 
parameter (7) is measured in terms of degrees temperature reduction or 
percentage soil moisture surplus. 
A second important variable is the actual duration of the effect; the period 
there is an agronomically significant difference between mulched and un-
mulched fields. This parameter, called the effective life-time (Te), depends on 
the resistence which the mulch material shows against decomposition. Ob-
viously, the scope of the effects also depends on the depth in the soil where 
the effect is measured. 
The simplified model presented in Figure 1, illustrating the effect of 
mulches in time, can in principle be adapted if the reduction of the effect 
takes a non-linear shape, e.g. an exponential decrease. In that case, fitting 
the experimental data to relevant mathematical functions will provide an 
additional (set of) variable(s) characteristic of such a mulch material. Other 
approaches may be used as well [9]. 
In Figure 1 both parameters are presented for two different hypothetical 
mulch materials. A mulch material that answers 'type 1' would be e.g. a layer 
of leaves with a low C/N ratio. This would guarantee rapid turn-over by 
soil-dwelling insects that use the mulch as a source of food and dissimilation 
of the organic matter by micro-organisms. However, the initial impact on 
soil temperature and moisture can be considerable. 
A thin layer of wood chips (high C/N ratio) would fit a 'type 2' mulch 
material. Its impact on soil temperature is small but long-lasting when not 
disturbed. Obviously, the comparison is correct only when using equal 
quantities of dry matter per unit area. 
That condition brings us to one of the limitations of this study, since the 
mulch materials are compared and parameters determined at a standard 
level of application of 5000 kg ha-1 DM only, while it is likely that the 
outcome of the parameters investigated will vary according to the quantity 
of material used. 
2. Location and climate 
The trial was conducted on the experimental farm of the ORSTOM research 
station near Abidjan, Ivory Coast. In Table 1 some relevant physical and 
chemical parameters are specified. 
The trial was carried out during a dry period: Over the complete period of 
the trial (60 days) a total of 59.5 mm rainfall was recorded, including two 
separate showers of respectively 20 and 22 mm. The potential evapo-trans-
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Table 1. Selected physical and chemica 
(abbreviated after Siemonsma, 1982). 
% sand % clay + loam pH 
50-2000 ^ m < 50 jon H 2 0 
84.5 14.1 4.7 
parameters of the soil of the trial area; 0-20 cm 
O.M. C N P* CEC** base 
% %o %> %o Meq. saturation 
% 
1.06 6.11 0.59 0.24 3.27 13.6 
* total P (HNO,): **per 100g soil 
piration during the trial period totalled 210 mm. The average maximum air 
temperature was 31.2 °C. 
Climatological data came from the ORSTOM department of bioclimatol-
ogy. The meteorological field-station was located c. 500 m from the trial 
area. For further information on climate and soil see ref. 1. 
3. Materials and methods 
Materials 
Seeds from Leucaena leucocephala (Lam.) de Wit were collected from the 
'Hawaiian' type locally found naturalised in roadside vegetations. Seeds 
from Flemingia macrophylla (Willd.) Merr. and cuttings from Gliricidia 
sepium (Jacq.) Walp. were acquired from the Coffee and Cacao Research 
Station at Divo. Central South Ivory Coast, where both plant species are 
used as cover-crops. 
The leaf* mulch used in this experiment was collected from productivity 
trials involving the three woody perennials [1]. 
Trial design and implementation 
The trial was located in an open, unshaded area, surrounded by blocks with 
cover-crops. Adjacent blocks of vegetation reduced the effect of wind signifi-
cantly. The minimum distance between the plants in the blocks and the 
border of the experimental units was 2.5 m. Bamboo poles were used to 
mark 2 by 3 m experimental units that were situated next to each other in 
a 4 by 4 randomised block design: 4 treatments, 4 replications. Including the 
corridors between the blocks (spaced 1 m apart) the total trial area measured 
8 by 15 m. 
* A leaf is defined as the complete compound leaf, including puhimts, petiolus, rhachis and 
foliola. 
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The treatments were i) uncovered soil (control), ii) soil covered with leaf 
mulch of Leucaena leucocephala, iii) - leaf mulch of Gliricidia sepium and 
lastly, iv) - leaf mulch of Flemingia macrophylla. 
The mulch was applied as fresh leaves at a rate of 5000 kg ha"1 DM, and 
evenly distributed in each of the clean-weeded experimental units. The 
bamboo frames were meant as a prevention against dislocation of the mulch 
layers. A light cover of stripped Leucaena leucocephala branches (3 to 4 per 
experimental unit) was applied as an extra precaution. Emerging weed 
seedlings were removed daily. This guaranteed a minimum disturbance of 
the mulch layers. 
Measurements and sample treatment 
Temperature was read at 15.00h, at 5 cm depth. The time corresponds with 
the approximate moment the temperature in the upper soil strata under all 
treatments reached its peak-value. After reading the temperature soil sam-
ples were taken. 
Temperature measurements and soil sampling always took place at exact-
ly the same relative position in each of the experimental units in order to 
limit variation. The sampling position was shifted in a random manner. 
During each sampling round, per experimental unit two temperature 
readings were made. This was done with the help of two calibrated soil-ther-
mometers. The average was noted as the reading for a particular experiment-
al unit. 
Soil moisture was determined gravimetrically. Soil sampling was done 
with a steel cylinder that was S cm long with a diameter of 50.5 mm, and a 
content of 100 cm3. The cylinder permitted very precise sampling over the 
first 5 cm in the soil. 
The samples were then immediately put in closed aluminium containers of 
known weight. After weighing the 'wet' soil, the containers were put into a 
large ventilated box in which strong lamps provided a continuous tem-
perature of c. 50 °C. A fan at one side of the box kept the air moving. 
Samples were regularly stirred and air-dried during 24 hours. Dry weight 
was then determined. 
Calculations and statistics 
Observations took place over a period of 60 days. A total of 10 series of 
measurements were collected. Each series of readings was subjected to an 
analysis of variance that gave averages for the four treatments, F-values for 
treatment and block effects and a value for the Least Significant Difference 
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(L.S.D.)- The L.S.D.-value was calculated according to the Studentised 
Range-test, which is identical to TUKEY's Multiple Range-test, and permits 
comparison among means of individual treatments [12; p. 271). In order to 
limit variation in data and to facilitate comparison between series the 
following procedural steps or modifications were made; 
a. no soil sampling was done within 72 h after a shower. 
b. temperature measurements only took place on clear, sunny days in order 
to maximise the potential of the mulch layers to reduce soil temperature. 
c. instead of using the actual average readings in statistical analysis the 
average reading from the control was subtracted from that found for the 
treated plots. The value thus acquired for each of the treatments differed 
significantly from the control situation as long as it exceeded the L.S.D. 
value for the particular series of samples taken (Figures 2 and 3). 
The data thus derived were used in regression analysis, with the time in 
days on the X-axis. With the help of the regression equations a value for the 
initial impact (I,) was calculated at t = 10 days, either as a percentage 
surplus moisture or as °C temperature reduction. The first 10 days are 
considered as a period necessary to allow the mulch layer to settle. 
The second parameter that matters in this characterisation of mulch 
materials depends on the regression coefficient which determines the dura-
tion of the period that mulches can be considered as effective in terms of 
water conservation and reduction of soil temperature; the effective life-time 
(TJ. 
The average L.S.D. at P = 0.05 is used as the lower limit for which there 
is a statistically significant difference between treatment and control; Figures 
2&3. 
pF curve 
In order to put the scope of moisture conservation caused by the three mulch 
materials into perspective, a pF-curve for the soil stratum 0-5 cm was deter-
mined by the ORSTOM central laboratory at Adiopodoumé, Ivory Coast. 
The curve was constructed from 8 soil samples at four different pF values. 
The best fitting curve was Y = 30.3e_05x with r2 = 0.92, in which X re-
presents the pF-values and Y the related soil moisture content in percen-
tages. As value for the upper limit of moisture in the soil ATTERBERG's 
limit was determined. As lower limit soil moisture at pF = 4.2 was experi-
mentally measured. The range thus found ran from 3.7 to 14.2% for this 
sandy type of soil. 
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4. Results 
4.1 The structure and colour of the dried mulch materials 
Each of the leaf mulches shows a typical structure and colour once dried. 
Structure and colour stem from leaf-morphological and chemical aspects 
that are specific for each of the plant species. 
Leucaena leucocephala leaves are bi-pinnate, with many, very small (0.7-
1.0 cm) leaflets. During drying the leaflets fall from the rhachis, and the 
mulch layer consequently consists of a loose collection of small particles 
closely resembling dried tea leaves. Obviously, the lack of coherance in the 
mulch of Leucaena leucocephala increases the chance of being blown away 
or taken by surface run-off. From the start the dried mulch layer is relatively 
thin; at 5000 kg ha"1 DM a few cm thick. 
The mulch of Leucaena leucocephala is distinctly deep dark brown in 
colour, and provides by far the darkest surface of the three mulches studied. 
In contrast, Flemingia macrophylla leaves have only three large leaflets, of 
10 to 20 cm long, that stay firmly attached to the petiole. During drying the 
leaflets curl, creating a relatively voluminous, coherent layer (initially at 
least 10 cm thick). A mulch layer of Flemingia macrophylla resembles, both 
in structure and colour, a mulch of beech-leaves. Of the three mulches 
Flemingia macrophylla has the lightest colour. 
The pinnate leaves of Gliricidia sepium provide a mulch type that takes an 
intermediate position between the other two in terms of structure and 
colour. Here, the leaflets have a tendency to fall from the rhachis as well. But 
they are much larger (up to 5 cm) than the leaflets of Leucaena leucocephala, 
and layers of this particular mulch appear more voluminous. The colour is 
greyish-green. 
4.2 Average temperature and moisture content under the mulches 
In Table 2 observations on soil temperature at 5 cm depth and soil moisture 
content in this stratum are presented in absolute average values over the 
complete period of the trial. 
Using Student's t-test all averages turn out to be significantly different 
from each other at the P = 99.9% confidence level, except for the differ-
ence in humidity under the mulches of Gliricidia sepium and Flemingia 
macrophylla, which is significantly different at the 95% level. This result 
shows that over time there is remarkably little variation in the observations 
and that each of the mulch materials has a specific soil temperature and soil 
humidity range. 
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Table 2. Average temperature and soil moisture content over a period of 60 days as a function 


















at 5 cm 
37.1 °C 
34.2 (-2.9)* 
32.5 ( -4 .6 ) 





over 0-5 cm 
4.8% 
7.1 ( + 2.3)* 
8.7 ( + 3.9) 
9.4 ( + 4.6) 
1.84% 
±0.39% 
* between brackets the difference relative to an unmulched soil 
*'average and standard deviation of the 10 series of observations 
Of the three mulches Leucaena leucocephala shows the weakest perfor-
mance. 
From the point of view of moisture conservation and temperature reduc-
tion Flemingia macrophylla provides a valuable mulch material. Tem-
perature reduction is considerable, while the presence of the mulch almost 
doubles the average soil moisture content over the soil stratum sampled. 
The effect of the mulch of Gliricidia sepium takes a position in between 
that of the two other mulch types. This sequence in performance has already 
been noted in an earlier publication in which the three mulches were tested 
in a weed control trial [2]. 
4.3 Initial impact and effective life-time of the mulches 
In Figures 2 and 3 the influence of the mulch types on the soil temperature 
and soil moisture content is related to the age of the material. Fitting the 
data to a linear regression line yields high levels of statistical significance. 
The general conclusion is that, in the course of time, the effect of the 
mulches on the soil temperature and soil moisture diminishes. This is caused 
by the fact that mulches decompose resulting in decreasing quantities of 
material that influence the energy balance at the soil-air interface. 
In the case of soil temperature the rate by which the effect decreases is 
about equal for the three materials. This rate, the regression coefficient in the 
equation, can be estimated at 0.12 °C day-1. Where the mulches differ most 
is in their respective initial impact on the soil temperature; Table 3. The 
mulch of Flemingia macrophylla is much more effective in lowering the soil 
temperature compared to the other two types of material. 
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°C temperature reduct ion 
10 
• data Flemingia 
D data G l i r i c id ia 
Q data Leucaena 
60 days 





Y = -0.108X + 6.67 
Y = -0.116X + 8.61 




P < 0.001 
P < 0.001 
P < 0.001 
for statistical significance of r2 see ref. 12: p. 184 
The regression lines that describe the diminishing effect of the mulch 
material on soil moisture show a similar pattern as in the case of the soil 
temperature. Although still sufficient in terms of statistical significance the 
fit is lower than in the case of the temperature series. This may result from 
differences in the size of the leaves of the species tested. The small leaves of 
Leucaena leucocephala permit rain water or dew to penetrate the soil in a 
more homogenous manner as compared to the large leaves of Flemingia 
macrophylla. As a consequence the variation in the readings expressed in the 
lower r2-values (see legends Figures 2 and 3) is considerably greater in the 
latter case. 
The mulches of Gliricidia sepium and Flemingia macrophylla lose their 
capacity to influence soil moisture at an equal pace, while the greater 
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% Moisture surplus 
6 . 
• data Flemingia 
o excluded 
• data Gliricidia 
• data Leucaena 
60 days 





Y = -0.063X + 4.59 0.88 P < 0.001 
Y = -0.047X + 5.57 0.58 P < 0.025 
Y = -0.047X + 6.11 0.57 P < 0.025 
for statistical significance of r2 see ref. 12: p. 184 
regression coefficient of Leucaena leucocephala indicates a quicker end to its 
role in conserving soil moisture. With the help of the regression equations 
from Figures 2 and 3 the two parameters, initial impact (I,) and effective 
lifetime (Te), can be estimated. The initial impact of the mulches is cal-
culated for 10 days old mulch layers, rather than for 'zero'-time. The 
rationale is that new equilibria have to be established under the mulch 
layers, particularly with respect to soil moisture. Substituting 10 for X in the 
two series of regression equations gives the values for the initial impact. 
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Table 3. Initial impact and effective life-time (calculation mode: 'initial impact' at X = 10 
days; 'life-time' at Y = 1.20 (av. L.S.D. temperature) or Y = 1.84 (av. L.S.D. moisture) see 



















c. 65 days 
> 70 days 
44 days 
c. 80 days 
> 90 days 
* relative to the situation under unmulched soil 
The effective life-time (Te) is calculated with the same regression 
equations but then by substituting Y. The average value of the Least 
Significant Difference (L.S.D.) was chosen instead of Y = 0 (Table 3; 
Figures 2 & 3) as a relevant value to determine the end of the effective 
life-time. The average L.S.D.-value takes into account the part of the effect 
that can be attributed to error or unexplained variation in the series of 
observations. In the calculations a confidence level of 95% is assumed to be 
sufficiently strict. The effective life-time of the mulch of Leucaena leucoce-
phala can be estimated with a reasonable degree of precision (Figures 2 & 
3, Table 3) and is just under 50 days. 
Of the remaining mulch materials that of Flemingia macrophylla shows 
the greatest longevity. Regarding both effects, only estimated effective life-
times can be given. Over the period of observation the regression line never 
meets the lower limit for significant difference. This is also true for the mulch 
of Gliricidia sepium. 
5. Discussion 
As the results of this study show, the three mulch materials have a significant 
potential to influence temperature and moisture in the upper soil stratum 
(0-5 cm). Reduced temperatures and increased, regular moisture availability 
in the upper soil strata is important in relation to early stages of crop 
development (germinating seeds, sprouting in vegetative propagation), 
superficially rooting crop species and nitrogen fixation in root nodules. 
Apart from the enhanced sprouting rate of yam setts reported elsewhere [5] 
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it was found that root-nodulation in stands of Gliricidia sepium was most 
intensive on the interface between the mulch layer and the soil surface. Both 
observations typify the use of mulches as a tool in micro-climate manipula-
tion inducing better growth conditions [see also ref. 6, 7, 13]. 
Potentially, differences in performance of the mulch materials in terms of 
soil temperature reduction, moisture conservation and longevity are a func-
tion of i) the structure and relative volume, ii) the colour of the dried mulch 
layer, and iii) the chemical composition of the leaf biomass. 
Evidently, initial differences in the mulches' capacity to reduce soil tem-
perature and to conserve water are related to structure and volume of the 
material once it is dried. The voluminous layer formed by the mulch of 
Flemingia macrophylla traps considerable quantities of air which form a 
barrier to heat transport and evaporation of soil moisture. This effect is 
much less in the case of the other two mulch materials because of the 
thinness of the layers. 
A second potential determinant explaining soil temperature and moisture 
differences as a function of the mulch material used is the colour aspect. 
Dark-coloured surfaces, such as in Leucaena leucocephala mulch, will ab-
sorb more radiation compared to lighter coloured surfaces found in the 
other two mulch materials. As a consequence temperatures under a mulch 
layer of Leucaena leucocephala are relatively high; Table 2. 
Both Leucaena leucocephala and Gliricidia sepium and have relatively low 
C/N ratios (c. 12) which favour fast decomposition by micro-organisms, 
compared to Flemingia macrophylla with a C/N ratio of 21 [3]. The latter leaf 
biomass was found to decompose about half as fast as the other two mulches 
during in-vitro digestibility trials, while the 'half-life' value of this mulch 
material under field conditions was about twice as long as the values found 
for Gliricidia sepium and Leucaena leucocephala [3]. 
In spite of this difference in decomposability of the materials, the decrease 
in the effect on soil temperature and moisture occurs at similar rates, since 
the values for the regression coefficients in the Figures 2 and 3 are about 
equal. Apparently chemical composition is not the only factor that deter-
mines the effective life-time of a mulch material with regard to soil moisture 
conservation and temperature reduction. In the case of the mulch of Flemin-
gia macrophylla, a likely explanation of the similarity in the effect patterns 
found (see Figurés 2 and 3) is that a relatively rapid collapse of structure and 
volume takes place, bringing the appearance of the decaying mulch layers 
closer to each other. 
Of the three mulch materials tested that of Flemingia macrophylla clearly 
is the best-performing in terms of soil moisture conservation and tem-
perature reduction. This result is consistent with the relative efficiency of the 
mulch materials in weed control [2]. 
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6. Conclusion 
The basic problem in this type of study is that results are site and situation-
specific and a quantitative comparison of effects between sites cannot be 
justified: Soils differ widely in their capacity to contain and conduct mois-
ture as well as heat, while prevailing climatic conditions (especially rainfall 
and temperature) during trials influence decomposition rates of organic 
materials. The linear decrease in the performance of the mulches found here 
should therefore not be taken as the general pattern of the influence of 
decomposing mulches on soil microclimatic parameters. 
However, management of organic matter is a cornerstone in low-cost 
cropping system technology development for the humid tropics, warranting 
research on mulching as cultural technique and investigations into the 
behaviour of material of different origin. Results will gain in value describ-
ing trial conditions, e.g. rainfall, temperature and soil moisture content 
profiles, and when a certain mulch type of known composition (for example 
that of Leucaena leucocephala) is adopted as a standard to interpret the 
results of comparative mulching trials [3]. 
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Abstract. This paper describes the effects of the leaf mulch of Gliricidia sepium on the 
development and yield of Water Yam, Dioscorea alata. Using leaf mulch, the time taken for 
the yam setts to sprout can be shortened by approximately 20 percent. 
Organic mulches contain considerable quantities of plant nutrients. Increasing amounts of 
mulch improved the leaf nutrient contents of the yam crop and resulted in significantly higher 
tuber yields. Over a tuber yield range up to c. 15 tons ha- ' each additional ton DM Gliricidia 
sepium mulch applied resulted in a yield increment of about 2 ton yam tubers. A nutrient 
supply - nutrient extraction balance is discussed, comparing mulch applied and yam tubers 
harvested. 
Mulching as agricultural technique is a useful and affordable tool in adapting low external 
input cropping systems to local economic and environmental conditions. 
1. Introduction 
This paper is part of a series in which the use of three nitrogen-fixing 
perennials (Leucaena leucocephala, Gliricidia sepium and Flemingia ma-
crophylla) is discussed in relation to the cultivation of Water Yam, Dioscorea 
alata. The overall aim of the research programme was to contribute to the 
development of a low-cost, sustainable cropping system including yam as 
foodcrop, part of a potential substitute for the practice of shifting cultiva-
tion. 
Conceptually, the study falls within the context of the Low External Input 
Agricultural Technology development [21]. In this type of agricultural tech-
nology development solutions are sought to existing environmental con-
straints to agricultural production, such as soil acidity and low fertility, 
while making use of local resources including knowledge and experience of 
farmers. 
APPLICATION OF LEAF MULCH 1 1 5 
A classical example of a low external input cultivation technology is the 
'alley-cropping' system pioneered by the International Institute of Tropical 
Agriculture, in which Leucaena leucocephala features [11,12,18]. While the 
studies referred to are mainly concerned with the use of leaf mulches as a 
source of nitrogen, in a cropping system shrubs and trees potentially play a 
more diverse role in optimising conditions for crop growth. Making use of 
the various specific qualities of perennial species new or improved cropping 
systems can be designed, and appropriate management procedures can be 
devised. Such an excercise requires intimate knowledge of properties and 
aspects of the woody species involved; biomass productivity, nutrient con-
tent, quality of the leaf mulch [2,3,4], but also tree architecture, root area 
index and distribution, wood quality, etcetera*. 
In this paper the effect of the leaf mulch of Gliricidia sepium is discussed 
in relation to the life cycle of Water Yam (Dioscorea alata); establishment, 
mid-term nutrient status of the crop and tuber yields. 
2. Location 
The trial was conducted on the experimental farm on the ORSTOM re-
search station near Abidjan, in the humid coastal zone of Ivory Coast. The 
farm is located on a well-drained sandy soil (clay content < 15%; pH-H,0 
4.7; CEC 3-5 Meq.; strongly desaturated, typically < 15%). The annual 
rainfall is about 2,000 mm. For more information on climate and origin of 
the woody perennials we refer to a previous publication on the productivity 
of leaf biomass of the species [2]. 
The field used for the experiment had been under yam cultivation for the 
third consecutive year. 
3. Materials 
Table 1 summarises data on the leaf mulch of Gliricidia sepium used in the 
experiments. The data on the nutrient content of the leaves of the woody 
perennial are averages over a period of observation of three and a half years 
[4]. 
In the lower row of Table 1 the values for the 'half-life' time of the 
nutrients are given, the time in days it takes to lose half of the nutrient load 
from a mulch layer [3]. 
1
 In preparation: 'Woody legumes as live support systems in yam cultivation' 
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'half-life' time during decom-
Mg 
0.48 % of DM 
16.5 days 
[Source; ref. 3,4] 
As Table 1 shows potassium is easily leached from the material, while 
calcium tends to stay behind. The relative rate of release of the nutrients is 
important in relation to the manurial capacity of the mulch material. 
The yam species used as testcrop is Dioscorea alata, cv. 'Brazo fuerte'. 
This cultivar is known as being highly resistant against anthracnose, one of 
the dominant yam diseases in the area. 
4. Trial design and sampling procedure (General aspects) 
As lay-out of the field-trial a standard, completely randomised block design 
was chosen, including four replications. The experimental units measured 7 
by 6 m. The net yam plant number per experimental units was 65. Yam setts 
are planted in rows, spaced 1 m apart, while the in-row distance between 
yam plants was 0.5 m. 
The values for the Least Significant Difference are given at a confidence 
level of 95 percent. Where the average, overall effect of treatment is tested 
against the control data Student 's Mest is applied; Table 4. Where average 
effects from treatments are compared among each other the Studentised 
Range-test is used; Tables 2,4,6. The latter test is identical to TUKEY's 
Multiple Range-test [22: p. 271]. 
Mature yam leaves were sampled to determine the crop nutrient status. 
Mature yam leaves included those leaves that were dark green in colour, but 
showed no yellowing, the visible sign of the onset of senescence. Six 
randomly chosen, complete yam tubers were analysed on the nutrient status. 
Leaf and tuber samples were analysed at the central laboratory of 
ORSTOM at Adiopodoumé, Ivory Coast [4] 
5. The effect of mulching on early development of the yam crop 
5.1 Method 
Leaf mulch of Gliricidia sepium was applied just after the yam setts were 
planted, at rates of 200 - , 300 - and 600 g fresh material per sett. The mulch 
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Table 2. The effect of mulch application on sprouting and shoot development of yam setts (39 





















































LSD** 10.9 11.4 9.8 18.7 n.s. 23.4 
(P = 0.05) 
* instead of 4 this treatment included 8 experimental units 
** LSD according to the Studentised Range-test (Tukey) 
material was concentrated into 50 cm wide strips over the yam rows. The 
application corresponds to 0.9, 1.3 and 2.6 ton ha-1 of leaf dry matter. Only 
50% of the surface of the experimental units was actually covered by the 
mulch. The 'apparent" application rate therefore was 1.8, 2.6 and 5.2 ton 
h a 1 . 
Of a total of 5 rows of yam plants available per experimental unit the l5', 
3rd and 5th row were measured each round. Emergence was noted and the 
length of the sprout measured. 
5.2 Results 
In Table 2, yam emergence and average sprout length are presented at the 
4lh, 5lh and 6th week after planting the yam setts. 
When mulch is applied about 50 percent of the yam setts are sprouted 
after 4 weeks. For the un-mulched plots this criterion is met about one week 
later; Table 2. Mulching as a cultural practice shortens the period of the yam 
sprouts to emerge by approximately 20 percent. The advantage of early 
sprouting in the mulched over the un-mulched experimental units is lost 
after a few weeks when sprouting is also completed in the latter situation. 
The advantage continues however to be visible when taking into account the 
lead in development of the yam plants grown under mulched conditions. 
Sprout length still differs significantly after 6 weeks. 
5.3 Discussion 
One of the characteristics of the yam culture is the slow establishment of a 
closed cover. Particularly during the first month of the cultivation cycle, soil 
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cover is incomplete and soil erosion is likely to occur. In traditional cropping 
systems such hazard is partly avoided by planting mixtures of crops. Fast 
growing crop species, such as Abelmoschus esculentus, are sown early and 
provide soil cover before yam plants emerge and start claiming space2. 
Mulching as a cultural practice will enhance the quality of soil cover early 
in the cropping cycle. Its effect is twofold. Firstly, there is a direct influence 
of the presence of a layer of material which limits the destructive impact of 
raindrops on the soil structure and increases the capacity of the soil to 
absorb water. 
There is as well an indirect effect of a mulch layer. Table 2 shows that 
mulching promotes early development of the yam plants. Within the range 
of treatments the effect of the application of the leaf mulch of Gliricidia 
sepium is significantly different from the untreated experimental plots at the 
level of 300 g per plant fresh material. Doubling that quantity does not 
further improve the sprouting rate of the yam plants. In other words, also 
moderate amounts of mulch material make sense; 1.3 ton ha~' DM for 
20,000 plants. 
The positive influence of mulches on the emergence of yam has been 
reported before [14,15,17]. Three possible reasons may explain the better 
initial development of the yam crop when mulch is applied. Nutrients are 
released from the decomposing mulch which may enhance early growth, 
although the initial development is known to be based largely on the 
nutrients present in the yam setts [17]. 
A more likely explanation is found in the influence a mulch layer exerts 
on the moisture content and temperature in the soil. Mulched soils tend to 
have a higher content, particularly important during dry spells. 
Table 3 illustrates the influence of a Gliricidia sepium mulch layer on the 
temperature in the soil and the degree to which evaporation losses can be 
avoided. 
The sandy soil on which the experiment took place has a low water 
storage capacity; from 3.7% ('wilting point') to 14.2% ('field capacity') [5]. 
The low upper limit is not uncommon as Salter & Williams (1965) have 
pointed out in a general review on the relations between soil texture and 
water storage capacity. 
Particularly on sandy soils mulching is an important means to improve 
the micro-climate in the cropping environment. As Table 3 shows the mulch 
layer of Gliricidia sepium provides an average of 3.9% extra moisture over 
the first 5 cm of the soil compared to the situation in a bare soil. This 
additional moisture counts for 37% of the range of available moisture. 
:
 In preparation: 'Land-use by the immigrant Baoulé tribe in the Taî region, South-west Ivory 
Coast* 
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Table 3. Reduction or evaporation losses and soil temperature as a function of the presence 
of a Glirkidia sepium leaf mulch layer at 5 ton per hectare dry matter 
Effect 
Temperature 















of the effect 
65 days 
80 days 
•relative to the situation in a bare soil. [Source: ref. 5] 
In spite of the fact that Gliricidia sepium mulch decomposes relatively fast 
- half of the dry matter is lost within three weeks of application [3] - the 
moisture conserving effect lasts long enough to cover the period during 
which the crop completes its establishment. 
A second important effect of mulches is their capacity to reduce the 
temperature in the upper soil strata. Table 3 shows that the average 
maximum soil temperature at 5 cm depth is 4.6 °C lower than in the case of 
an un-mulched soil: 32.5 °C against 37.1 °C. The initial effect is even larger 
(7.5 °C) and if early yam sprouting is negatively affected by high ambient 
temperatures mulching is a simple cultural practice to avoid damage. 
Although no information has been found concerning the optimum tem-
Tahle 4. Average nutrient content in the yam leaves as a function of the amounts of Gliricidia 
sepium mulch applied (4 replications: mature yam leaves sampled) 
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average all treatme 






















































'testing individual treatment differences (4 samples of treatment 1 vs. 4 samples of treatment 
2, etcetera) 
** testing 'untreated' (4 samples) against 'treated' (16 samples) 
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perature range for the early stages of development of yam plants, maize 
seedlings e.g., grown under controlled conditions, are known to virtually 
cease growing when soil temperatures rise to over 36°C [13]. 
It is difficult, based upon the observations done and information avail-
able, to draw conclusions on the relative importance of the two factors 
discussed with regard to the early development of the yam sprouts. In the 
field the effect of the two factors, temperature and soil moisture, is strongly 
confounded and not easily studied as separate components [8]. 
6. The effect of mulching on the nutrient content in yam leaves 
6.1 Method 
After the initial mulch application at planting time (see par. 5.1) the experi-
mental units were regularly provided with known quantities of leaf mulch 
lopped from a nearby stand of Gliricidia sepium. 
The yam crop took four months to arrive at a closed cover in the plots that 
received mulch treatments. The total mulch quantities applied were respec-
tively 1.6, 2.8, 3.8 and 5.7 ton ha"' leaf dry matter of Gliricidia sepium. 
The general nutrient status of the yam crop at mid-term (5.5 months after 
planting) was determined through sampling and nutrient content analysis of 
mature yam leaves. 
6.2 Results 
Table 4 shows the concentrations of the major nutrients in mature yam 
leaves as a function of increasing amounts of Gliricidia sepium leaf mulch 
applied. With exception of phosphorus a positive effect was noted 
(P < 99.5%). The most consistent response to increasing quantities of 
mulch was found in the case of potassium. The effect of different amounts 
Table 5. Estimated percentage of nutrients released from a mulch layer as a function of time 
(figures for 4 ton ha"' leaf DM from Gliricidia sepium) 
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of mulch applied on the concentrations in the leaves of nitrogen and cal-
cium, although partly statistically significant, was erratic. 
6.3 Discussion 
Nutrients from mulches are generally slow to move from the original matrix 
compared to nutrients in easily soluble inorganic fertilisers. On the one hand 
this may be an advantage, for example during heavy showers. Mulches then 
offer some protection against strong leaching and transport of nutrients 
through surface run-off. On the other hand the slow release of nutrients 
from the mulch matrix may result in low efficiencies in terms of providing 
a crop with essential nutrients. This has been observed with Leucaena 
leucocephala prunings as a source of nitrogen in maize production 
[11,12,18]. 
Table 5 shows the nutrient release pattern from the mulch of Gliricidia 
sepium, based on a nutrient release function developed from data collected 
in a decomposition study which took place during the rainy season [3]. 
Knowing dates and quantities of the mulch dressings Table 5 offers the 
possibility to estimate the amounts retained in the mulch residue. At the 
moment of yam leaf sampling the estimated amount of nutrient left in the 
total quantity of mulch applied over the first 4 months of the cultivation 
cycle varied from 2% (potassium) to 13% (calcium). Except for calcium 
more than 90% of the nutrient load in the mulch layers was released. 
The results presented in Table 4 show three response patterns; 
i)Mulching does not lead to increased leaf nutrient content. This is the case 
for phosphorus, with an average leaf nutrient content of 0.36 percent. This 
level is probably sufficient. Obigbesan & Agboola [1978] found for the leaves 
of Dioscorea alata an average phosphorus content of 0.35%. The leaves 
sampled came from a trial that received a basal dressing of 90 kg ha-1 of 
P205. 
ii)In the second response pattern, mulching results in an increase in the 
nutrient content in the yam leaves, but responses are erratic. This pattern is 
found in the cases of nitrogen, calcium and magnesium. For these nutrients 
untreated leaf samples are tested against a general average from the treated 
samples; Table 4. 
iii)The only nutrient of the group studied that shows a significant linear 
relationship between leaf nutrient content and quantity of mulch applied is 
potassium; Figure 1. 
The response of the yam crop to mulching clearly reflects the soil fertility 
profile of the soils of the experimental area as described by Roose & 
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' yiald 
J.231 * 2.88! r 
(aquation 1) ' 0.85, P<0.001 
5.7 ton •alcn/ba 
98 kg K/ba 
0.32X * 1.22; r - 0.75, KO.001 
(aquation 2) 
Fig. 1. The effect of mulch application on yam tuber yield (fresh weight) and on potassium 
content in the yam leaves. 
Cheroux [1966]. Normally, the soils are sufficiently well-stocked in terms of 
nitrogen and especially phosphorus. In the case of nitrogen the erratic 
response by the yam crop to mulch may stem from the fact that during 
decomposition of the mulch nitrogen losses occur through volatilisation. 
Potassium is present in limited to occasionally very limited quantities; 
0.01-0.05 Meq., while calcium and magnesium are found in the range of 0.2 
to 0.6 Meq. per 100 g soil [19]. 
Response patterns and information on nutrient availability in the soil 
point at potassium as the most limiting nutrient for yam production, a 
conclusion supported by the results from experiments conducted on leached 
soils of the forest region in Eastern Nigeria [9]. 
This conclusion however may have a limited validity. In a recent review 
Degras [1986] discusses fertiliser studies in which yam failed to produce a 
response to the application of potassic fertilisers. This was attributed to 
differences in the origin of parent material of soils, and the fact that yam 
species and even cultivars differ in their requirement of potassium. 
Table 6. The effect of increasing quantities of dry matter leaf mulch of Gliricidia sepium on the 
yam tuber yield 
Treatment Control 1.6 2.8 3.8 5.7 ton h a ' 
average tuber yield; 1.96 7.21 8.87 12.87 14.49 ton ha~' 
Statistical significance: P < 0.001; LSD (P = 0.05)* = 2.94 ton ha ' 
•LSD-value according to the Studemised Range-test 
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7. The effect of mulching on yam tuber yields 
7.1 Method 
At the end of the cropping cycle the yam tubers were harvested. Total fresh 
weight of the tubers was determined for each of the 20 experimental units, 
and converted into ton ha"1. The latter figures were used in an analysis of 
variance. 
7.2 Results 
Tuber yield increases as a function of the quantity of mulch applied are 
highly statistically significant; Table 6. 
7.3 Discussion 
The discussion in paragraph 6.3 ended with the conclusion that potassium 
can be considered as the most limiting nutrient in case of our experiment. 
Under given conditions of soil fertility yam tuber yields and the leaf potass-
ium content showed a strong positive correlation (r = + 0.82). The element 
therefore appears to be an appropriate indicator to determine the manurial 
value of the mulch of Gliricidia sepium in yam cultivation on soils low in 
available potassium. 
Table 7. A nutrient balance 
Nutrients in kg extracted via yam harvest; 






supply (:) extraction 
ratio (this study) 5.8 3.2 3.3 49.6 11.2 
"' tuber nutrient content N 1.02%, P 0. 14%, K. 0.96%, Ca 0.05%, Mg 0.08% bl data derived 
from Obigbesan & Agboola [1978]; " data derived from Ferguson et al. [1980]; dl réf. 4; «» 
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In Figure 1 tuber yields and potassium content of the leaves are presented 
as a function of the quantity of mulch applied. Regression equation and 
correlation coefficient concerning tuber yields show that of the variation in 
the tuber yields (Y) 85% can be attributed to its linear regression on X, the 
quantity of mulch applied. 
From regression equation 1 in Figure 1 it can be deduced that each ton 
of dry matter leaf mulch of Gliricidia sepium results in a tuber yield incre-
ment of 2.23 ton. This relation is valid for a tuber yield range up to c. 15 ton 
ha"1. The tuber yield increase in eq. 1 is based on the fresh weight of the 
tubers. 
From randomly selected complete yam tubers the dry weight (:) fresh 
weight conversion factor was established at 0.239. The yield increment of 
2.23 ton fresh yam tubers then represents 0.533 ton dry matter. 
In Table 7 a comparison is made between the amount of nutrient supplied 
through mulch and the amount extracted when the yam harvest is transpor-
ted from a field. The information from this study is supplemented by data 
from comparable research. 
The yam tubers in this study contain less nitrogen (1.02% against an 
average of 1.39%) and potassium (0.96% against 1.47%) compared to the 
two other studies. This agrees with the situation at the supply side. The 
average nitrogen content in the leaves of the mulch of Gliricidia sepium in 
the compilation from literature was considerably higher than found in the 
leaf mulch raised in our area of study: 3.82% against 3.18 percent. A similar 
conclusion can be drawn concerning the data on potassium in the leaves of 
Gliricidia sepium: 2.80% as average K-content from the literature survey 
against a mere 1.68% in the leaves of the trees in our study [4]. 
The differences in the potassium content in the leaves of both the yam 
crop and mulch-producing tree species certainly reflect the paucity of this 
particular element in the soils where the trials were conducted [19]. 
The supply (:) extraction ratios in Table 7 show that the mulch of Glirici-
dia sepium supplies sufficiently large amounts of the 5 macro-nutrients to 
compensate for the losses through harvest and transport of the yam tubers. 
This is true when the field where the mulch is raised is separated from the 
place where it is used, the yam field. A field of Gliricidia sepium trees, 
however does not 'produce' nutrients, with the possible exception of some 
of the nitrogen that is fixed through bacterial activity in the root nodules 
[4]. Consequently, at the level of the farming system, one field is mined with 
the help of the trees, maintaining the soil fertility status elsewhere. 
When the trees are grown on the same field in association with the yam 
crop, the latter may profit from nutrients mobilised by the trees when these 
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are absorbed from soil layers not normally exploited by the yam roots (see 
reference footnote 1). 
On the long run in both scenarios for the use of trees depletion of soil 
nutrients may take place, if losses exceed the natural influx (e.g. from dust) 
and no compensation is sought for the losses caused by the removal of the 
tuber yield. 
8. Conclusions 
The experiment was conducted on a sandy soil, particularly poor in avail-
able potassium. Such type of soil is generally considered ill-suited to yam 
production. Moreover the same field had been cultivated for three successive 
years, including this experiment. The response to mulching in terms of 
quantity of tubers produced (one ton o{ Gliricidia sepium leaf DM results in 
2.23 ton tubers; Table 7) therefore must be considered as approaching the 
maximum possible. 
In a trial discussed elsewhere (see reference footnote 1), on a field 
previously under a grass fallow, 4.8 ton ha~' DM leaf mulch produced an 
additional 9.0 ton yam tubers, or c. 1.9 ton tubers per ton Gliricidia sepium 
mulch. The control in that experiment yielded 8.8 ton ha"' yam tubers. 
In the context of yam cultivation on soils with a low chemical fertility a 
response rate of c. 2 ton of tubers per ton DM leaf mulch of Gliricidia sepium 
is proposed as a base for calculation of the economy of mulching as a crop 
husbandry technique. 
The trial results show that the use of Gliricidia sepium as a single cultural 
practice has at least three important effects in a cropping environment: i) 
lower maximum temperature in the upper soil strata, ii) higher soil moisture 
content, and iii) an improved nutrient supply. A fourth effect, the influence 
of mulch application on weed growth, is discussed elsewhere [1]. 
All aspects add to a situation closer to an optimum for crop growth as 
compared to the condition in an un-mulched soil. Because of these accrued 
benefits a substantial improvement in yam tuber yields is possible. 
Under field conditions the relative contribution of each of the aspects 
mentioned to the final yield achieved is difficult to evaluate separately 
because of interdependency [8]. Nutrient supply - e.g. nitrification during 
decomposition of organic mulches - is intricately bound to both the ambient 
soil moisture as well as temperature. From that perspective it seems appro-
priate to let the problems specific in the cultivation of yam as such dictate 
the moment of mulch application. 
Especially early in the yam cultivation cycle mulches are valuable as soil 
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cover and help to enhance the acceptance of rainwater. This protective 
action is often considered as being the principal benefit from mulching as an 
agricultural practice [10]. In that choice the maximum benefit in terms of 
water conservation and lower soil temperatures is automatically assured, 
while the crop can profit at a later stage from the nutrients released. 
As a general conclusion, mulching as practice combines several advan-
tages that are worthwhile to consider when searching to adapt cropping 
systems to local ecological and socio-economic conditions: i) mulches play 
a multi-functional role in crop environmental management; ii) the technique 
of mulching is inherently simple and therefore user-friendly; iii) mulching is 
within reach of resource-poor farmers as long as land and labour are 
available to produce material. Economically speaking, the practice has a low 
treshold compared e.g. to fertilisers. 
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Abstract. This paper reports on the use of three leguminous perennials (Leucaena leucocephala, 
Flemingia macrophylla and Gliricidia sepium) as live support systems in yam cultivation. In a 
planting arrangement in which yam rows alternated with rows of the woody species the tuber 
yields per ha were 3.4 (leucaena), S.3 (flemingia) and 10.1 (gliricidia) ton fresh weight. 
TUKEY's L.S.D. value equalled 2.9 ton. 
Leucaena leucocephala is unsuitable as live support since the species shows a strong competi-
tive power expressed in terms of leaf productivity and relative density of the root mass in the 
upper soil stratum, the zone explored by the yam crop. 
Flemingia macrophylla is unsuitable as support species mainly because of its structural 
weakness: Its branches do not sufficiently lignify to carry the yam leaf mass. 
The significantly higher tuber yield of the yam crop grown with Gliricidia sepium is a 
function of specific properties of the tree species: Low leaf productivity, a relatively weakly 
developed root system and an open architecture, which leaves sufficient space for a yam crop 
grown in association. 
1. Introduction 
Yams are a highly appreciated staple in West Africa. In recent years produc-
tion has, however, considerably decreased. One of the reasons is that the 
crop requires staking to achieve economically viable production levels. In 
many areas, as a consequence of deforestation, stakes are difficult to obtain, 
or are prohibitively expensive when transported from other regions. 
As a result yam is no longer able to compete on the market, and is rapidly 
losing its share to other tuber crops that can be raised cheaper, such as 
cassava. 
One solution would be to replace the traditional cultivars by cultivars that 
produce well without staking, and to mechanise its cultivation [15]. This 
must be taken as a long term perspective. 
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On the short term intermediate solutions could be studied and proposed 
to farmers. These include the production of stakes on wastelands, as well as 
the improvement of live support systems, the integration of suitable tree 
species in the yam cropping system itself [16]. 
This paper reports on the use of three woody leguminous perennials as 
possible candidates in live support systems; Gliricidia sepium, Leucaena 
leucocephala and Flemingia macrophylla. The first two species are trees, the 
latter species is a shrub. The species all belong to the plant Family of the 
Leguminosae. 
Gliricidia sepium was introduced during colonial times in Nigeria as shade 
tree in cacao plantations, and seems to be naturalised in the mean time. The 
tree, which roots readily from cuttings is used by farmers as live support in 
yam cultivation [1]. That practice may have been the origin of the significant 
role the tree plays nowadays in the woody fallow vegetation in South-west 
Nigeria [9], where the tree seems to be able to outcompete encroaching 
Imperata cylindrica [2,9]. 
In West Africa the other two species have not met farmers' acceptance. 
Both, however, have promising aspects, especially in terms of biomass 
productivity and nitrogen fixation [4,13]. Furthermore, the leaves of Flemin-
gia macrophylla have been found to decompose relatively slowly, and its 
mulch can be successfully applied in weedcontrol [3], soil water conservation 
and soil temperature reduction [7]. 
The aim of this study is to compare the degree to which the three 
leguminous perennials are compatible with the growth habits and require-
ments of the yam plant. The focal area is the place where tree and crop 
interact. Is the combined effect of the interaction positive, planting must be 
arranged in ways that optimise interaction; associated cropping. Is, on the 
contrary, the overall effect negative, interaction should be limited, following 
zonal planting arrangements, e.g. 'alley-cropping', whereby the alleys are 
wide enough to avoid unwanted interference. 
Field observations on yield and general plant characteristics can help to 
determine the planting arrangements distinguished. Such information is 
basic to the design of cropping systems including trees and annual crops [11]. 
2. Location and materials 
2.1 Site of the trials 
Experiments in which yams and the shrub/tree species were cultivated 
together started early 1984 on an experimental farm near Abidjan, Ivory 
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Coast. The farm is located on a well-drained sandy soil (clay content < 15%; 
pH5; CEC 3-5 Meq. per 100g soil; base saturation < 15%). 
The annual rainfall is about 2,000 mm, distributed over one long rainy 
season (May to July) and a short rainy season (October to November). More 
information on climate and soil can be found in a previous publication [4]. 
2.2 Plant species used 
Seeds from Leucaena leucocephala were collected in roadside vegetation near 
the experimental farm, where the species is found as a coloniser of eroded 
soils. The growth form of the species resembles the 'Hawaiian' type that is 
found as a common tropical weed outside its area of origin. 
Material from Gliricidia sepium (cuttings) and Flemingia macrophylla 
(seeds) was acquired from the Coffee and Cacao Research station (IRCC) 
at Divo, where both species are used to provide shade and mulch in ex-
perimental coffee plantations. 
For data on leaf productivity, leaf nutrient composition and leaf decom-
position for the three perennial species see references 4,5 and 6 respectively. 
As testcrop yam (Dioscorea alata, cv. Brazo Fuerte) was used. The cul-
tivar was recommended by the Institut des Savanes (IDESSA) at Bouaké, 
from where planting material was obtained. 
3. Methods 
Data brought together in this paper have various origins (experiments, 
observations, results reported previously); 
i) a hedgerow experiment in which yam was cultivated in association with 
the perennial species. This trial was conducted only once, 
ii) light measurements in the crowns of Gliricidia sepium and Leucaena 
leucocephala, 
iii) a study of the distribution of the roots of the three perennial species, 
iv) qualitative observations on the form and extent of the root system of 
yam, 
v) leaf productivity measurements concerning the three woody legumes. 
3.1 The hedgerow experiment 
Data on the yam tuber yields as a function of the hedgerow species used 
come from an experiment that was laid out as a completely randomised 
block design with 4 replications. In this experiment yam rows alternated 
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with rows of the woody legumes. The rows stood 1 m apart. The 2 m distance 
between the hedgerows should not be taken as a recommendation. The 
choice, substituting one yam-row by a row of shrubs, allows 'two-way' 
exposure of the yam plants to possibilities to climb, hence to enlarge the 
leafmass. 
The hedgerows were 7.2 m long, with an in-row spacing between the 
shrubs of 1.2 m. The planting arrangement corresponds with a planting 
density of c. 4,120 trees or shrubs ha-1. Per experimental unit 4 rows of 
perennials were planted. At the onset of the experiment the hedges were 2 
years old. 
Each of the three alleys contained 13 yam plants, or 39 plants per ex-
perimental unit, border plants excluded. Yam setts were planted in flat soil 
at an in-row spacing of 0.5 m. 
Mid-April the shrubs were stripped of all green matter. The biomass was 
weighed and applied as mulch. Yam setts were subsequently planted. Re-
growth of the hedgerows was regularly checked in order not to hamper the 
developing yam plants. From the fourth month onward several branches of 
the shrubs were allowed to continue growing and to act as support for the 
yam vines. 
The yam tubers were harvested mid-December and fresh weight of the 
tubers was determined. 
3.2 Observations on light transmission in the tree crowns 
Photosynthetically active radiation (PAR = 400 to 700 nm) in the crowns 
oiGliricidia sepium and Leucaena leucocephala was measured with a 'Licor' 
light meter, model LI—185 A provided with a quantum sensor, both made 
by the LAMBDA Instrument Corporation. Light was measured in the 
canopies along a straight line at fixed intervals of 10 cm, 150 cm above 
groundlevel, during a cloud- and windless day. Data variation has been 
limited using running means. 
The measurements were repeated several times. One of the data sets is 
presented in order to demonstrate the nature of the light profiles. 
3.3 The root systems of the woody species 
Root systems of the three leguminous perennials were studied in three 
fan-shaped spacing trials that served to measure species leaf productivity [4]. 
At the moment of this study the stands were nearly four years old, and 
well-established. 
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For each of the species 7 plant densities were selected, which ranged from 
approximately 1,200 to 9,000 plants per ha. In each density class the root 
system of 5 shrubs was excavated and collected. The amount of soil surface 
sampled around each individual plant was a function of the plant density: 
The circular areas sampled had radii increasing (step 10 cm) from 30 (9,000 
plants ha -1) to 90cm (1,200 plants ha -1). This sampling procedure covered 
from a maximum of 30% (at 1,200 plants) to a minimum of 25% (at 9,000 
plants ha~') of the total area available per plant in the trial plantation. 
Excavation only took place after showers had moistened the soil suffi-
ciently. The sandy soil ( a minimum of 85% parts > 50/an) permitted a high 
recovery of the roots. The soil around the plants was removed in layers of 
10 cm, up to a depth of 40 cm. The roots were carefully separated from the 
soil with the help of a sieve with a 5 mm mesh. The rootmass collected was 
air-dried at 50° C during a week. After this period soil particles were gently 
removed from the root material. The roots were then divided into three 
categories; < 1 mm, between 1-5 mm and over 5 mm. Each category was 
weighed. Root samples were taken and oven-dried at 105° C, thus to provide 
the necessary corrections on the figures acquired at 50° C. The weight of the 
rootmass collected was converted into weight per m2 soil surface. 
3.4 The yam root system 
The general form and extent of the root system of the yam was studied 
qualitatively just before harvesting in a field in which yams were planted at 
a 1 m by 1 m spacing. 
3.5 Leaf productivity data of the hedgerow species 
See reference 4. 
4. Results and discussion 
4. 1 Yam tuber yields as a function of the hedgerow species used 
Table 1 shows the yam tuber yield as a function of the hedgerow species 
used. The tuber yield that results from the association with Gliricidia sepium 
as live support system differs significantly from the yield levels found in the 
other two combinations tested. 
Since the mulch produced and distributed in the alley-cropping systems 
during the cultivation cycle was kept at about equal DM levels per treat-
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Table 1. Yam tuber yields in three alley-cropping situations 
Association yam tuber yields in ton ha 
yam grown with Leucaena leucocephala 3.4* 
yam grown with Flemingia macrophylla 5.3' 
yam grown with Gliricidia sepium 10.!b 
Least Significant Differences (P = 0.05) 2.9 
notes to Table 1 : 
-results with the same superscript do not differ significantly; 
-L.S.D.-value based on TUKEY's criterion for significance. 
ment, and trimming of the hedges was regularly and carefully executed, yam 
productivity differences largely stem from specific characteristics of the 
perennials that form the hedges: Plant architecture and structure, root 
systems, biomass productivity per unit of area. 
4.2 Architecture and structure of the woody legumes 
Several aspects that explain differences in suitability of the woody species as 
live support systems in yam cultivation have to be presented in more or less 
descriptive terms. Firstly, there is the general habitus of the species and a 
number of structural qualities related to this topic. 
Among the species considered Flemingia macrophylla is the only true 
shrub, that is to say a woody perennial without a trunk. Although the 
management system enforced on Gliricidia sepium and Leucaena leucoce-
phala caused a similar low bushy habitus with little or no trunk formation, 
both species retain the possibility to become a true tree, trunk and all. 
The shrub Flemingia macrophylla consists of many upright branches 
arranged in a tussock. Although the branches easily can reach 2 m in height, 
little lignification occurs. This explains the tendency of the species to tem-
porarily layer after heavy showers. When the yam shoots climb into the 
shrub its branches are permanently bent, and vegetative development of the 
yam in that case does not differ much from the situation in which support 
plants are absent. 
Mature Flemingia macrophylla plants are densely foliated, forming a solid 
structure when arranged in hedgerows. Known as a generally sun-loving 
species [14], such circumstances are hardly inviting to the yam plant to 
explore. Consequently, limited use is made by the yam plant of the branches 
of Flemingia macrophylla for support. 
A yam-Flemingia macrophylla alley-cropping system can be characterised 
by two separate compartments or zones, with little visible interaction. One 
TREE - CROP INTERFACE 1 3 5 
Fig. I. Schematic presentation of the regrowth patterns in Leucaena leucocephala and Glirici-
dia sepium 
zone is occupied by the yam plants, the other is almost exclusively used by 
the rows of Flemingia macrophylla. 
In the cases of Gliricidia sepium and Leucaena leucocephala the use by the 
yam plants of the branches for support is quite intensive as compared to 
Flemingia macrophylla. Both species clearly have a less contracted, more 
open architecture, and are therefore inviting to the yam plant to enter. 
Budowski et al. (1984) citing various sources, mention both Leucaena leu-
cocephala and Gliricidia sepium as species with canopies that permit con-
siderable amounts of light to penetrate, but they note the absence of data to 
substantiate the observation. Our data suggest that the two species are far 
from equally successful in a role as a live support system. After being cut 
Gliricidia sepium produces a number of shoots, that initially continue grow-
ing virtually without branching; Figure 1. On the branches compound leaves 
are arranged in spirals, that eventually shed when the branches age. 
The long, upright branches thus resemble arching, small-diameter columns. 
This typical structure is basically unstable since the centre of gravity is 
relatively highly place. Even gentle winds provoke considerable movement 
of the branches, and sunlight can penetrate deeply into the centre of the tree, 
where it creates changing patterns of sunflecks or 'dappled sunshine' [8]. 
Although the patterns constantly move, the potentially unaltered nature of 
the light benefits yam vines that grow into the branches of Gliricidia sepium. 
Leucaena leucocephala on the contrary branches regularly, and the 
compound leaves form partly overlapping layers. Consequently, the leaves 
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in this species are probably more evenly distributed in the crown, effectively 
preventing incoming light from reaching the centre unfiltered; Figure 1. 
This is further illustrated in Figure 2 where an example is given of the 
extinction of photosynthetically active light in the canopy of both species. 
The case presented comes from two regularly developed, free-standing trees 
with a biomass that equalled a 4-months old regrowth. The trees were about 
equally high. The difference in the light profiles which matters is that the 
canopy of the Gliricidia sepium tree shows gaps through which photosyn-
thetically active light can reach the core of the tree, which potentially 
benefits a yam plant grown aside that uses the tree as support. 
Part of the explanation regarding yam tuber yield differences is related to 
the wood quality of both species. After the fourth month, in the cases of 
Gliricidia sepium and Leucaena leucocephala, several branches per individual 
plant were left to grow and act as support for the yam vines. In this way 
climbing shoots of the yam plants could develop considerably better than 
when no support was available. 
However, the wood of Leucaena leucocephala is rather solid, even in the 
early stages of regrowth. With Leucaena leucocephala support an increase of 
diameter of the branches causes yam vines to break, resulting in losses of 
leafmass of the yam in the upper reaches of the living tree branches. 
The branches of Gliricidia sepium on the contrary stay green and soft, at 
least as long as it takes the yam crop to mature. Consequently, no broken 
photosyn the t i ca l ly ac t ive l i g h t in the crowns as t of u n f i l t e r e d l i g h t 
300 350 50 300 3S0 
reference points 
Fig. 2. Examples of light profiles in the crowns of Gliricidia sepium and Leucaena leucocephala. 
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vines were encountered in the stand where Gliricidia sepium was used as 
support. 
This particular problem can be solved by ringing the bark of the Leucaena 
leucocephala branches at the basal side. This involves however a consider-
able labour input. 
A disadvantage of the relatively soft wood of Gliricidia sepium is that 
occasional strong winds may cause the live poles to collapse, particularly at 
the end of the yam cropping cycle when the yam leafmass forms a consider-
able additional weight. 
4.3 The root systems of the perennials 
Of the data collected in the root system study only the fine root ( < 1 mm) 
Table 2. Average fine root ( < 1 mm) dry weight in the upper soil strata (0-40 cm) for the three 
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distribution is presented, rather than the total rootmass; Table 2. This choice 
is based on the fact that the fine roots are mostly responsible for water and 
nutrient uptake, and are as such a relevant measure for the relative competi-
tive power of a species [12]. In the context of this discussion two aspects are 
important; i) the distribution of the roots in the soil profile, and ii) the weight 
of the rootmass. 
Table 3 shows that, given the soil stratum sampled, about three-quarters 
of the fine root dry weight is concentrated in the first 20 cm of the soil profile. 
This is the soil layer that is also explored by the yam roots; Figure 3. 
This outcome confirms the observation of Jonsson et al. (1988) that trees 
known to root deeply, Leucaena leucocephala in particular, should not be 
considered as having no roots in the upper soil layers. Certainly in poor soils 
trees are likely to root where the scarce nutrient resources are located. 
Consequently, crop and support tree compete for water and soil nutrients in 
the same layer of the topsoil. 
Figure 4 shows that the total fine root dry weight per unit area of both 
Flemingia macrophylla and Leucaena leucocephala increases when the plant-
ing density increases, the linear fittings being highly significant in both cases. 
With the latter species the fine root dry weight is about twice as high. 
Increasing the plant density in Gliricidia sepium does not result in propor-
tionally more fine roots in the soil layer up to 40 cm depth. The fine root dry 
weight levels off at about 60 g m2. The much weaker developed root system 
in Gliricidia sepium, particularly compared to that of Leucaena leucocephala, 
must be considered as one of the possible factors explaining the higher tuber 
yield when this particular tree is used as live support in yam crop cultivation; 
Table 1. 
Fig. 3 . Rooting pattern of Dioscorea alata cv. Brazo Fuerte. 
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Total weight f ine roots (< 1 mm) in g per 
Linear f i t t i n g of data; 
• = leucaena Y = 8.00X + 63.9 P< 0.005 
O = g l i r i c i d i a Y = 1 .33X + 55.6 n - s -
• * f lemingia Y = 6.38X + 19.7 P< 0.001 
2 4 6 8 10 X 1000 p i . / h a 
Fig. 4. Total fine root dry weight over 0-40 cm of the soil as a function of the plant density. 
In Table 4 the fine root dry weight ( < 1 mm) of the tree woody legumes 
is compared to that of several cropping systems. 
Table 4 puts the differences in fine root dry weight between the woody 
legumes studied into perspective: The values for Gliricidia sepium, even at 
Table 4. The fine root ( < 1 mm) dry weight in the topsoil (0-25 cm) under various cropping 
systems 
Species/plant community 
- Flemingia macrophylla* 
- Gliricidia sepium' 
- Gmelina arborea* 
- Leucaena leucocephala* 
- shaded coffee + 
Erythrina poeppigiand" 
- cacao + plantain + 
Cordia alliodora* 
- wooded farm garden6 
g fine roots 














4348 + 287 
1111 + 1111 + 2 7 8 
38 species 
a
 this study 
" data from Ewel et al. 1982 
* interpolated from Table 2 
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high planting densities, are found at the lower end of the range presented, 
whereas those for Leucaena leucocephala belong to the upper part of the 
range. 
4.4 Leaf productivity 
A major difference is found in the species' relative capacity for leaf produc-
tivity. At e.g. 10,000 plants per hectare Leucaena leucocephala produces 
about 1.5 times the leaf DM Gliricidia sepium can produce [4]. Moreover, 
Leucaena leucocephala leaves have a higher surface (:) weight ratio com-
pared to Gliricidia sepium which means that the differences in occupation of 
space is even larger; Leucaena leucocephala has a LAI 1.6 times that of 
Gliricidia sepium. Since both species attain about equal height in the crop-
ping system studied, it can be assumed that Leucaena leucocephala intercepts 
more of the incoming light than Gliricidia sepium. In other words, relatively 
less light will be available to yam production, when the crop is grown in close 
association with Leucaena leucocephala. 
At the planting density mentioned Flemingia macrophylla takes an inter-
mediate position [4]. 
5. Conclusions 
Based on the data presented, of the three leguminous perennials studied in 
a role as live support for yam cultivation Leucaena leucocephala is the least 
suitable. The species shows the strongest competitive power expressed in 
terms of leaf productivity and relative density of the rootmass in the upper 
soil stratum, the zone mostly explored by the yam crop. Indirectly, this is 
illustrated in the low tuber yield when yam is grown in association with 
Leucaena leucocephala. 
Flemingia macrophylla is unsuitable mainly because of its structural weak-
ness: Its branches do not sufficiently lignify to carry the yam leafmass. 
Moreover, its architecture is too compressed to leave sufficient space for the 
yam plant to develop. 
The significantly higher tuber yield of yams grown with Gliricidia sepium 
is a function of specific properties of the tree species: A relatively low leaf 
productivity and a weakly developed root system are matched by an open 
architecture, which leaves sufficient space for the yam crop to develop its 
photosynthetic apparatus. 
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Woody legumes as live support systems in yam cultivation 
II. The yam-Gliricidia sepium association 
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Abstract. This paper describes the effect of Gliricidia sepium, used as live support system on 
the development and tuber yield of Water Yam (Dioscorea alata). The leguminous perennial 
was planted in rows 3 m apart. The in-row distance between the trees was 1 m. In the alleys 
2 rows of yam were planted, 1 m apart, with an in-row distance of 0.5 m. The aim of the 
experiment was to separate the effect of the leaf mulch produced by the trees, which was used 
to green-manure the yam crop, and the effect on the tuber yield that stems from the presence 
of the live stakes. 
Using Gliricidia sepium trees as live support more than doubles the yield per unit of area of 
yam; 8.8 ton ha'(yam sole-cropped, control) against 20.7 ton ha '(yam-tree association). Stak-
ing explains slightly more of the yield increment than the mulch factor. 
The trees and the mulch derived create more favourable conditions for development of the 
yam plant, while the capability of the trees to extract nutrients from soil layers that can not 
be reached by the yam roots is demonstrated. 
It is proposed to select and breed yam cultivars directly in relation to suitable live support 
systems. Such integrated tree-annual crop systems potentially provide substitutes for the 
practice of shifting cultivation. 
1. Introduction 
In the first part of this paper three leguminous perennials, Leucaena leucoce-
phala, Gliricidia sepium and Flemingia macrophylla, were compared in a role 
as 'in situ' grown live support systems in yam cultivation [2]. The presence 
of support (stakes, trellisses. etcetera) is known to considerably enhance yam 
tuber production [3], which seems to arise mainly from reducing mutual leaf 
shading in the yam plant [5]. In case of live support systems, the degree of 
competition excercised by the auxiliary perennial species used in that role 
should be minimal to allow the yam plant an adequate share of water, light 
and nutrients. 
Of the three species in observation Gliricidia sepium clearly provides the 
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most favourable environment for the yam plant, because of its low leaf 
productivity, its open canopy and its weakly developed root system [2]. 
Based on these experiences Gliricidia sepium was selected for further 
study. The objective of the experiment discussed here was to separate the 
contribution to the yam tuber yield that stems from the presence of stakes, 
from that of the application of leaf mulch produced by the trees, and, more 
in general, to study the dynamics of the crop-tree association. 
2. Materials and methods * 
The experiment, involving Gliricidia sepium grown in association with Water 
Yam (Dioscorea alata, cv. Brazo fuerte) included 4 treatments and 4 replica-
tions. 
The treatments were: 
a) control, sole-cropped yam (at a rate of 20,000 plants ha-1), 
b) sole-cropped yam (20,000 plants ha"1), green-manured with the mulch 
produced in the experimental units that belong to treatment 'c', 
c) yam (13,300 plants ha~' ) grown with Gliricidia sepium trees (3,300 plants 
ha-1), while the mulch produced in situ was removed, and used in 
treatment 'b', 
d) yam (13,300 plants ha"1) cropped in association with Gliricidia sepium 
trees (3,300 plants ha"1), whereas the mulch produced 'in situ' was used 
to green-manure the yam crop. 
For the treatments 'b' and 'd' the leaf mulch application rate was 4.8 ton 
ha-1 DM. At the start of the trial the trees were 13 months old. The 
hedgerows of Gliricidia sepium were 14 m long, with an in-row spacing 
between the trees of 1 m. The hedgerows stood 3 m apart, while in each alley 
2 rows of yam plants were planted at an in-row spacing of 0.5 m. Each 
experimental unit including the trees contained three rows of the woody 
perennial, and 4 rows of yams, with a net total of 108 yam plants to harvest. 
In the experimental units where yam was sole-cropped (treatments 'a' and 
'b') the net total of harvestable yam plants was 135. 
Soil cover by the yam crop was estimated 9 weeks after planting by taking 
two photographs from a fixed position (location, height, and angle) in each 
of the experimental units. On the photograph the area covered by the 
developing yam crop was copied on transparent sheets with the help of a 
dark-colored feltpen. A planimeter (model 'Milliplan' of METRAPLAN 
*) For details on location, climate and soils see Part 1 [2]. 
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S.A.) was subsequently used to measure the relative surfaces occupied by the 
yam biomass on the sheets. In statistical analysis the actual surfaces in unit 
of area were used. The figures were then converted into percentages soil 
cover. 
Crop emergence and sprout length was noted 3 weeks after planting. At 
mid-term in the crop cycle, mature yam leaves were sampled and analysed 
on nitrogen and potassium to determine the crop nutrient status as a 
function of the different treatments. Yam leaf samples were analysed at the 
Central Laboratory of ORSTOM at Adiopodoumé, Côte d'Ivoire. 
After c. 9 months the yam crop was harvested and tuber yields were 
determined at a per plant base. These figures were subsequently used to 
calculate yields per unit of area. 
The Least Significant Difference values in Table 1 are calculated accord-
ing to the Studentised Range Test (TUKEY's L.S.D. test), with the exception 
of the comparison 'stakes occupied' where STUDENT'S t-test is used. 
Statistical significance is based on P = 0.05. 
3. Results and discussion 
Experimental data 
In Table 1 observations on the development of the yam crop as a function 
of the different treatments are quantified. The values in each row with the 
same superscript are not significantly different. 
Yam crop development 
The combined effect of the presence of trees and the application of leaf 
mulch on the germination rate and sprout development of yam is significant. 
The data confirm the findings reported earlier as far as it concerns the 
influence of leaf mulch on the early development of yams setts [1]. In 
addition to that conclusion, Table 1 shows the influence of the trees in 
improving the growth conditions for yam; compare treatment 'a' (control) 
and treatment 'c' (live stakes, mulch removed). The positive effect of the 
trees on yam sett germination must be attributed to shading, which lowers 
temperature and limits drying out of the soil. Apparently, the shade is light 
enough not to interfere seriously with crop development. This is illustrated 
by the data on soil cover development, collected 9 weeks after planting the 
yam setts. At that moment of observation in the crop cycle, treatment 'd' 
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Table 1. Data summary; the Gliricidia sepium-yam association 
Treatment 





-sprout length cm 
-soil cover % 
-stakes occupied 
by yam vines* 




-kg per yam plant 

































































•out of 26 live stakes sampled per experimental unit 
•not significant 
(live stakes + mulch) shows a significantly higher percentage of soil cover 
compared to all other treatments. 
Soil cover in treatment 'c' (live stakes, mulch removed) is worst of all 
treatments, which indicates the importance of the leaf mulch as source of 
nutrients, whether produced 'in situ' or outside the experimental plots 
considered. The poor crop development in treatment 'c' (live stakes, mulch 
removed) is further demonstrated in the lower number of stakes occupied by 
yam vines, as compared to treatment 'd' (live stakes + mulch). 
Yam leaf nutrient status 
As a result of the application of Gliricidia sepium leaf mulch, the leaf nutrient 
status of the yam crop differs; Table 1. Nitrogen and potassium were chosen 
as relevant 'indicator'-nutrients. Particularly the latter is relatively scarce in 
the soil where the experiment took place [7]. Although the differences in 
nitrogen content in the yam leaves as a function of the treatments are not 
significant, the values reflect almost exactly the pattern found for potassium. 
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The potassium content in the yam leaves in the treatment 'd' (live stakes 
+ mulch) differs significantly from treatment 'a' (control), whereas both 
treatments only differ in the presence of the trees. No additions, improving 
the soil fertility status took place. 
When the mulch produced is removed from the experimental units, the 
potassium content in the yam leaves drops compared to the nutrient content 
found in the control leaf samples. The difference, 0.22%, is not statistically 
significant, but indicates the limited extent of the potassium reserves avail-
able. A similar observation can be made for nitrogen. 
The results indicate that the trees can extract potassium from soil layers 
"... Jt'^géfy1: ':'•'%",.¥/r:(: ?. "• :L. 
^ ''•
 v
 ' T--' ' ' ^ S ^ : ^ 'v^ 
Fig. 1. The Gliricidia-Yam association in an alley-cropping configuration (in the centre a live 
stake occupied by a yam vine, at the right several unoccupied live stakes). 
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that can not be reached by the shallow-rooting yam crop [2], making the 
scarce nutrient available for crop production. The capability of the tree root 
systems to trap nutrients at deeper soil layers and to recycle them through 
their biomass (mainly the leaves) is an important principle in agroforestry 
practices and development [8]. 
Quantification of cropping system components 
Table 1 shows that the combined influence of live stakes and mulch applica-
tion on yam tuber production is considerable. Per unit of area the yield 
increases by a factor 2.3, as compared to the control. 
Based on the yam tuber yields per unit of area (see Table 1, last row) the 
relative contribution to the yam tuber yield of the two 'products' of the 
Gliricidia sepium hedges (mulch and stakes) is tentatively separated. 
Assumptions; 
1. When yam is sole-cropped and untreated the tuber yield is noted as Ys. 
In the cropping systems that include one row of trees alternated by two 
rows of yam plants, the basic level of the tuber yield is 2/3 that of the 
yield of the control, hence 0.67 Ys. 
2. The yam tuber yield increment explained by the mulch applied is noted 
as Ym. The gain from mulch application in terms of tuber yield (see eq. 
2 and eq. 4; Table 2) is not necessarily equal to the loss in tuber yield 
when the mulch is removed (eq. 3). There are as well reasons to asssume 
a difference in effect of mulch applied in the two relevant cropping 
systems since mulch is produced outside the cropping system in one case 
(eq. 2) and 'in situ' in the other (eq. 4). 
3. The part of the tuber yield ascribed to the 'tree-yam' interaction, 
Y(t * y), includes the combined negative ('competition') and positive 
('provision of support') influences that result from the presence of the 
Table 2. Quantification of cropping system components; separating the effect of mulching and 
live stakes on yam tuber yields 
Cropping system Yield component equations' Eq. no 
-Yam sole-cropped Ys = 8.8 ton eq. 1 
-Yam sole-cropped, Ys + Ym, = 17.8 eq.2 
mulch added 
-Yam + live stakes, 0.67 Ys - Ym, + Y(y » t), = 7.2 eq.3 
mulch removed 
-Yam + live stakes, 0.67 Ys + Ym, + Y(y » t)2 = 20.7 eq.4 
mulch used 'in situ' 
1
 Data from Table 1, last row 
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trees. As in assumption 2, the different cropping circumstances suppos-
edly result in different values for the interactive component; Y(t * y), # 
Y(t * y)2. 
The equations representing 4 cropping systems include 6 parameters, 
which cannot be quantified unequivocally; Table 2. One solution to the 
problem would be to reason towards estimates. 
Eq. 1 and eq. 2 can be used to calculate values for the control yield level 
and the effect of mulch application when yam is sole-cropped; Ys = 8.8 and 
Ym, = 9.0 ton ha-1. The yield component explained as a function of the 
application of the mulch (4.8 ton ha" ' DM leaf mulch) is 9.0 ton, or c. 1.9 ton 
tubers per ton leaf mulch DM of Gliricidia sepium. This ratio is realistic and 
has been found in another trial [1]. 
In the cropping system represented by eq. 4 a similar quantity of mulch 
was applied (at a rate of 4.8 ton ha-1 DM) and distributed evenly in the 
experimental units. It would, however, be incorrect to assume a yield im-
provement of 9.0 ton tubers as a result of the mulch application. Firstly, only 
2/3 of the yam plants are available, compared to sole-cropping, that can 
profit from the nutrients released. Secondly, it is very likely that part of the 
nutrients from the mulch is directly re-used by the trees present in the 
cropping system, hence Ym3 < Ym,. If we assume that the trees have equal 
chance to absorb the nutrients released compared to the neighbouring yam 
plants Ym3 = 2/3 Ym,. 
Eq. 4 then can be solved; mulching explains 6.0 tons, and staking 8.8 tons 
of the total yield. 
Similar reasoning can be applied to solve eq. 3. Extraction of nutrients by 
the trees at least partly takes place outside the rooting space occupied by the 
yam plants, so the yam crop will not suffer from the full impact of the 
nutrient removal from the soil; Ym2 < Ym,. Assuming Ym2 = 2/3 Ym,, 
the nutrients extracted in cropping system 3 result in a potential loss of 
6.0 ton yam tubers, and a gain from the presence of the live stakes, Y(y * t) „ 
of 7.3 ton of yam tubers. 
It can be concluded that the live stakes explain a slightly larger part of the 
tuber yield increment than the mulch produced by the trees. Over a range 
of values for Ym23 of 5 to 9 ton tubers, Y(y * t), always > Ym2 and 
Y(y * t), > Ym, as long as Ym3 < 7.4 ton. 
5. Conclusions 
The results show that Gliricidia sepium is a suitable species to act as 'in situ' 
support system for yam cultivation, because of the limited competition the 
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tree exercises [2], as well as the beneficial, complementary effects described 
in this paper. The light, regulated shade from the trees in combination with 
proper application of the leaf mulch produced improve the micro-climate 
for the yam plant, reducing the possibility of stress. Secondly, the mulch 
represents a concentration of nutrients, a product that can be used to enrich 
the soil where it matters most, that is close to the yam roots. 
Apart from improving the productivity of yam, live support systems 
represent an important additional value that is not found when yams are 
sole-cropped, since the trees can function as a planted fallow during off-
season. This makes the tree-based cropping system version of yam cultiva-
tion a potentially interesting start in the search of substitutes for the practice 
of shifting cultivation. 
Obviously, the results presented here are only preliminary and do not 
warrant suggestions regarding the long term viability of a yam-based crop-
ping system including Gliricidia sepium trees. Follow-up research is needed, 
which must include aspects such as crop rotation and fertiliser use. An 
intriguing question, for example, will be whether the tree-mulch system will 
enhance the efficiency of fertiliser use. 
The results are possibly also of interest in the field of selection and 
breeding of yam cultivars. Onwueme's suggestion to breed yam cv's that do 
well without staking and to mechanise its cultivation apparently is not the 
only solution to declining yields in areas where stakes are difficult to obtain 
[6]. Yam plants possess an indeterminate growth habit and profit from a 
support structure in terms of an increased photosynthetic apparatus leading 
to higher tuber yields. This natural inclination finds a better expression when 
support systems are provided. 
An alternative approach to the option proposed by Onwueme therefore 
would be to select directly in an intercropping environment, and to consider 
live support systems as an integral part of the breeding aproach. 
Within the context of this discussion, climbing beans intercropped with 
maize provide interesting parallel evidence. Zimmermann et al. [1984] show 
that the heritability of yield for beans in early generations of a breeding 
programme is higher in an intercropping situation with maize than when 
sole-cropped. The explanation offered by Davis et al. [1986] is that the 
competitive ability of the bean plant has a higher heritability than yield 
potential, because this aspect is related with highly heritable characteristics 
such as plant height and vigour. Simply stated; give the climbing bean plant 
the opportunity to fully develop and good yields will follow as a conse-
quence. 
This reaction is probably also valid in the case of Dioscorea spp., since 
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Table 1 clearly illustrates the significant interaction between the growth 
habit of a crop and growth circumstances. 
This evidence justifies breeding with a cropping system perspective. 
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